FOREWORD

This book is Volume kL of four volumes compriaing
Chapter XXXIX of Part Two of the Report of the New EnglandeNew York
IntereAgency Committeo, organized by direétion of the President of
the United States for the purpose of meking a comprehensive survey
of the land, water and related resources of the New England-New York
Regiona
The complate report comprises three parts:
Part One « The Gensral Report.
Part Two - The Technical Report, with detalled
studies of the river basins and special subjects.

Part Three « Refarence Data,
NOTRE

Chapter XXXIX, Special Subjects, Regional, is divided into
four volumess |
Volume 1, Fisheries, Wetlands,
Volume 2, iMhpping. Mineral Commodities,
Volume 3, Mineral Commodities,

Volune L, Hurricanes,.
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SECTION XXXII - HURRICANES
INTRODUCTION
1. PurEose, ; The purpﬁse of this seetion is to present the
resulte of studies of the disastrous hurricanes osourring in the
New Englend-New York Kegion in 1954 and prior years. The section
develops the following information:

8. An inventory of damages caused by the three 195L hur-
ricanes, especially damage resulting from coincidental tidal flood-
ing eand interior river flooding.

b, A disoussion of the determination of a frequency fac-
tor, or percentage chance of hurricane oceurrence, in the areas
concerned,

¢. A brief history of prior hurricanes in the area.

de A discussion of general preventive measures that might
be taken to minimize future damages.

8. A discussion of specifioc protective measures that might
be takeﬁ to protsct, so far as practiocable, concentrated areas.of
high valudfion.

2+ Scopes - The study is in suffiolent detail to delineate
thg genéral n#ture and extent of damages caused by hurricanes‘which
ocourred in various portions of the region on August 31 (Hurricane
Carol), September 11 (Hurricane Edna), and October 16, 1954 (Hur-
ricene Hazel)., Damages in the portions of New England and New York

State which were subjected to oyclonic storms of hurricane intensity
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in 1938, 1944, and_1954 are.describad; Daﬁage.figures for 1954 hurrie
canes have been obteined through iﬁdependent investigatiéns of |
affected coastal areas by trainéd personnsl, and thfough oorreapondeﬁce
with State ofricialé, an@ representativés ;f industrj and commerod,

| B Probloﬁa.of establishing preveﬁtiva and pfotectivd measures
are described generallye. Subsequent detailed‘rep;rts offering

propesed projects fof construction in specific localities may bs unders
taken by the affected Statess Federal study of specific protective
projects or active participation in protective work by appropriate
Federal dgenoiea,'ovar and beyond the scope of this seotion,

would have required greater time and funds than were available, .The
“eonduot by ?edaral agencies of detailed studies for speoific works

to protect 5gainst hurriocane demages would require specific

. -Congressional authorization,
CHARACTERISTICS OF HURRICANES

4, Definitione =~ Hurricanes are the mosﬁ destructive of all storms
| when fully developed. These gigantic storms are 1nward-sp1raiing
whirls of air whioh form over tropleal waters, Once formeQ, northérn

~ hemisphere hurricanes often enter more northerly latitudes bef'ore

‘$heir dissipation or metamorphosis into an ordinery extrastropioal
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storms The destructiveness of a hurrisane results from the wind,
which may exceoed 100 miles per hour, the rﬁin, which in soms hurri-
canes is of torrential flood-producing proportions, ahd the aea',
which :"ises before the wind,

G+ The wind in a hurricene increases in speed progressively
as it spiraels inward from the ill-defined periphery to very close
to the edge of the eya'*/. Ingide the zone of maximum wind is the
eye, & region of light wind or, oocasionally; dead calm, The shift
from full hurricans wind to the light wind of the eye is abrupt
‘as & hurricane passes over. The eys of a mature storm may have
& diameter of from 10 to 30 miles or mofe. To the rear of the eye
the wind increases again, but blows in the opposite direction to
that in the advence sector, Usually the second blow does not have
the Intensity of the first. The winds. of a hurricane ars accompaniad
by gray skles covered by ragpged clouds and driving heavy rain.
Thunder and lightning are uncommon. Fraquentyly the rain is wvery
heavy in the forward half and more moderate or even light in the
year half. In the eye, there is no rain and the sky may be clear,

6. Origine = Among the necessary oconditions for hurriocane
forrﬁation ares intense sunshine; a more or less uniform area of

high humidity and temperature, and low surface friction; a region

!./ For a detailed discussion of wind behavior in a hurricane refer to
Hydrometeorological Report Noe. 26, Us S, Weather Bureau, Department
of Commerce. ‘
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and seeson where the vertical distribution of alr temporature is
not such as to imhibit vertical air motions; and the defleotive
force occasioned by the_rotation of the earthe These conditions
are fulfilled in low latitudes over the cceans as the heat equator
swings north of the geographiocal equator in response to the northe
ward migration of the suﬁ's vertical rayse. Hurricanes camnot form
¢close to the geographical equator, where the deflective foroé of
earth rotation is zero. |
7e The role of the hurricane in the enerzy and heat balance
of the afmosphere.is to transport trehendous guantities of heat
. from near the ﬁottom of the atmosphere, where incomihg sunshine is
most effective in producing warming, to high levels, Air converges
from several direotions toward a particularly numérous group of |
squalls end thunderstorms (each thunderstorm is a temporary, verti-
cally rising column which must be fed by horizontal inflow)e The
squalls and thunderstorms grow into a mors organized, single storm.
Onoce established, the hurriosne will continue as long as'its environs
oonsist of Inflowing air with sui‘ficient molisture and suffioclent
vertiocal instabilitys 1In its troplcal stage the hurricane derives
its energy from the release of latent heat of condensation produced
in the formation of heavy raine. This heat maintains the updrafis
| in the imner part of the storm. The winds of the hurriosne, which
may attain trémsndous force, are the resulting balance bgtween the

force of the updraft, the lowered pressure at the center of the

povanm
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storm, and the deflective effect which forces the outer air to move
toward the low pressure center in a spiral instead of & stralght
lines

Be Hurricanes of the Western Hemispheree = The principal regionms

for the genesis of hurricanes in the Western Hemisphere lis between
10° and 20° North latitude in the Bastern Atlantic (these are termed
Cape Verde hurricanes), in the Cé.rribee.n Sea, and off the southwest
coast of Mexico in the Paoifics The Cape Verde storms pbse the
greatest threat to the .New Englend-New York Region, the Carriboan
storms are a secondary threat, and the Pacific storms are of no
concern. The hurricane season is from late June until mid-Ootober,
with the greatest threat to New England in August end Septembers

The Cai)e Verde hurricenes move toward the west, with the general
drift of ﬁhe wind sbout them, for a mumber of days with & forward
speed ofl about ten miles an houre Oooasionally, a Cape Verde
hurfioane may proceed atraight to tixe coést of Texfise Mores commone
1y they recurve sny time after remching the mid-Atlantic, that is,
they turn nor’dhward, then sast of north. After recurvature the
storm usually inqrea.ses in forward speed, typically to 25 to 30 miles
anthour, ocoasionaily to 60 miles en hour, Hurricanes that affect
New England most severely usually arrive from the south-southwest
after recurvature east of Florida and after gkirting the Middle

Atlantic Coasts
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9¢ The Gypical hurricane early in its 1life is a ocircular
symmotrioal vortex, only about 50 mlles in dlameter, with an eye
five to eight miles in diameter, During a period of several deys,
the typiocal storm grows until manaoing'winds_may extend 100 to 200
miles from the center, There is a_coérespoﬁding growth in the
diameter of the eye, Upon reaching more northerly latitudes
after recurvature the hurricane becomss less symmetrical, the eye
loss well defined, and the maximum:wind spoeed deoreases, The
storm, however, sproads out to a radius of severgl hundred miles
in the forward half and somewhal less iﬁ_ﬁha rear half, Thess
changes acoompany & change in the fundamental nature of the storm,
a change in the source of energy from latent heat of condensation
to interagtion of cold air with_warm aif; Burricaneé affeoting
the New England-New York Reglon range in stage of modifiocation |
from a little-modified symmetriecal vortex te a fully modified
atorm, In the latter case they are po different from other extra-
tropleal oyclonloc storms, The temperature of hurricaﬁes affecting
the United States is nearly always in the 70's t°F), exﬁept wheﬁ the
modification of the storm is well advanced and & colder alr mass
is drawn into the whirl, in which case temperatures in the bBQ's
may be experienced to the rear of the storm,

10, Hurricane wind speed 1s classically régarded as 75 miléé pér
hour or faster, Dﬁring almoat every hufricana season wind spaeds ﬁf

100 mepehs or higher ocour in the troples in one or more storms,
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Upon. reaching the latitude of New England, hurricane winds frequente
ly weeken to meximm speeds on the order of 60 mopehe, comparable
to severe winber northeasterse, Others weeken even moree This dew
generation of storms from full-fle dged hurricenes in the tropics
to lesser intensities upon reaching New England mekes difficult
the specification of the frequency of hurricanes in New Englande
Occasionally a tropical oyclone meintains full hwrricene force of
T5 mepehe oF more upon reaching New Englande Storms of this

type pose the greatest threat to man and his activities, though
the lesser ones are by no means negliglible along the coasts or in
areas susceptible to rlver floodinge |

1le Hurricane effects on large bodies of waters = The greatest

hurricans disasters have resulted not from the wind but from the
tidul flooding which ocours in susceptible shore ereas as e resvlt
of the wind driven hurricens tide and the hurricene wave, The
rise of water level et the shore may begin when the hurriceane
.center‘is 500 miles awey, This rise is caused by the wind-induced
hurricene tide which is superimposed on the gravitational tide,
Like the gravitationel tide, the character and aflect of the wind=
induced tide varies with the contour of the ocoest and the seaw
bottome Hurricane tides are highest to the right of the poiht
where the storm center passes inland and on conoave shores may
edd three to ten feet to the level of the predicted gravitational

tides
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12, As the center of fhe‘ hurricene comes into the shore zone,
8 seoond and often more destructive phenomenon ocourss This is the
sharply rising hurricane weve which in its extreme form may add
as much #s 20 feet to the level of the combined hurricans and
gravitational tlidess The foroes Involved in setting up this wave
are n’.oﬁ clearly understoode A small part of the increese in water
level undoubtedly resuits from the very low atmospheric pressures
associated with the center of the huriyicene, but this sccounts,
at the most, for a rise of only four\feét. Along the shores of
the New England~New York Region, maximum rise in water level resulte
ing from low atmospheric preséure would be less then three feete

1%4 When the hurricaene tiderand wave combine with the
gravitational high tide, sovere tidal flooding occurs in susceptible
shore areass The southern coasts of New Enpglend: and New York &re
perticularly Yisble to this type of tidal i‘looding, end the asscciated
wave, ourrent and W&tef damegee

1lie Hurriocane effects on lande - Exposed coasts are the greatest

sufferers from hurricanese Instéilla.tions only & few feet sbove
normel tide are often inundeteds FErosion from wa{res and currents

is oftez::. severes Here; too, the winds are strongest, &s they blow
off the low-frioction surface of the seas Inland tbpog;raphical
irregularities and the general roughness of the ground impede the
winde However, wind damage mey be both extensive and severee Intere

ference with transportation end communieation, damsge to trees amnd

XXXTI=8
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sgriculturel crops, damage to persons and dwellings from‘falling
or Flying cbjects and fallen wires, end the damage to =mmell oraft
on interior lekes and ponds vemain serious problems° Also, the
torrential rains which conmonly accompeny hurricanes often intensify
the damage caused by high windse

16, 4 more oritical threat posed by the heavy rainfall
associated with hurricanes is the throst of interior floodings Reina
may be torrentisl long efter the high winds have subsided especially
if the forward movement of the storm decresses sharply or ceasess
In the New Enilend~New York Region the danger of & waning hurrioene
stalling is not greet since the generel etmospheric eirculation is
fairly vigorous much of the timee Flooding from hurricane reins is
8 threet in the region; however, particulerly if the ground is
seturated or streamslare swollen from previous rains, Flooding as e
result of rains in recent hurricanes has caused serious demage in

the regione

HISTORY OF HURRICANES

16e The earliest hurricene om record in the New England-New
York Region wes that which ooccurred on August 15, 1635, Records
indiocete that numerous hurricanes heve struck this reglon since
1635, ' In 81l probebility others have ocourred for which accounts
are not avellebles

17+ Tweuty=four hurricenes are knovwn to have caused damage
in the New Englend-New York Regions The detailed accounts of the
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twelve hurricanes that invaded or have passed close to this region
since 1900 are mst_ gcourate and eompl_ete. These twelve storms had
their inception in the troplcs end retaine_d averape maximum winds
of at leasf_ 50 .m.p.h_ol_(during e five minute perioci) when reaching
the New England-New York Region. Several of these stqrﬁa skirted

the coast but were close encugh to do damage to cocastal propérty'

as woll as shippinge With three hdrrioanes invading thg_New'England-
New York Region, 195l undoubtedly ranks as 'E_he most destructuve

yoear on the hurricane record for the region, The twenty-four:

storms are briefly disoussed in the following parsgraphee

a, 1635 - Aupust 15, = Northeast winds of five to six

hours duration, accompanied by torrential rainfall and high tides,
caused widespread damage to trees and houses, devastated corn and
hay crops, and wrecked many ships at sea and at moorings, Maximun
high tide elevgtions of 20 feet gocurred at Boston. Of the large
number who lost their lives, many were Indians who were drowned
when trapped by high water..

be 1787 - September 19s « High winds and tides from the

storm passing close to the New England_ooaét caused widespread
damage to ships in and near port. Wind intensity is not kmown.

- ce 1788 = August 19, = Winds varying from south to west

to northwest caused damage in Connecticut, Western Mhssachusetts,

XXII10

R



Vermont, end New Hempshires All types of buildings, trees end orops
wore destroyod, snd meny lives wers lost, The southern shore of

Commectiout was sﬁbjeoted to the destructive effect of extremely

high tides.

de 1804 ~ September 9. - A severe storm reached the New

Englend Coest causing demage to ships in snd near DO T, especially

the Port of Bostons Wind intensity not knowne

oo 1815 - September 22-3s - In the "Greet September Gels",
windsrranging from east to southwest, =as the storm progressed, ceused
penerel destruction in Long Island, New York, Gonnectiﬁut; Rhode
Island, end Massachusetts, and partiouiafly elong the coast of
Connectiout, Rhode Isglmmd sand southem I-Jass_aohusetts. The wind
coused extremely high tides, the meximum being that at Providenoce,
Rhode Islénd, where the tide wes seven and one half feet higher
thaﬁ fhe highest spring tidos. Abﬁut 500 buildings were destroyed,
_damaggs being estimeted at $1,500,000. ‘Elsewﬁere Crops, forests,
end property suffered hesvily. Severel hundred vessels were wreokede
Although sowe rein fell in Vérmont end New Hempshire during the
gtorm, it was light in other New Englend Stetes. |

fo 1821 -~ September 3-4, - Northeast and east winds

ocsugoed much demege, the storm being extremely severe in Hew York,
where the tide ross 13 fauet in one houre Little informstion is
avelleble on demepges caused in New England; it is known thet

Connectiout suffered heavily.
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Ze 1629 - July 2lje = A tropicel hurricane is reported

%o heve reached Boaton but 11171319 date are available on the extent
of damage inourrado

he 185h - Sep't‘.em'ber 10, - Da.mage in coastel areas of New

Englande The wind int:ens:.ty and oharaoter of damage are not k:nown.
1. 1869 = September 8. - Southeaat winds, acoompanied by

_ torrential ra.infall, resulted in widespread destruction along the
New En,gland ooast. Damage to vessels, buildings, and property
was ead:ensive. Provinoetovm was outsﬁ.de the 60-mile wide path
of the storm, but at Providenoe, where the tide reaohed 642 feet
above mean high weter, damsges wers estimated et "hundreds of
thousands of dollars.“ |
" Je 1878 - OOto'ber 25_-2!4. = This storm caused heavy

' damage in the New England aree, and in sou'thee.stern Nerw Yorkc

‘Seversl vessols were sunk along tha Comnectiout coast, but littla

other detailed informat:.on is available. | |
ke 1879 - !ugust 2}5-2&. - Yo informa'bion on ‘the extent

of da.mage is available for this storm which passed tnrough New
Englande Since recording instrumen’cs were destroyad, information
~ on wind 'veleoities is not available,

le '_93.- hugust 29 = Although little deteiled informa=

tion is available, this storm. 15 known to have oauaed severe danages

in Conneoticut and Rhode Island.
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me 1902 - September 16, - Winds were not of exceptional
intensity as this storm passed through New.England. However, it
caused extensive damage to shipping and to crops and property in
the Connecticut River Valley. Maximum sustained wind intensity at
New York City was 65 mepohe

‘ne 1904 - Soptember 16, - This storm resulted in the loss

of many lives, destroyed numsrous vessels, and caused considerable
damage to seaside property in Long Island and NHew Englond. Sustained
wind intensity of 8ly mep.h. was recorded at Block Island, Rhode
Igland,

5

0s 1920 =~ Qotober l. = Eastern New York, Connecticut and

Vermont suffered damage from this storm which had 'a recorded maximum
sustained wind intensity of 55 mepshe at New York Citye. Severe flood-
ing Wwas experisnced In Northern Vermont with considerable damage in

the Wﬁnooski River Basin. Extensive fiooding also ooourred in Southern
New England.

pe 1924 - Aupust 26. - Severe damege resulted from this

storm along the Massschusetts and Rhode Island coasts. Ships and

-ooastal property suffersd heavily from high winds tides. Maximum

sustained wind intensity et Block Island, Rhode Island was 78 mepaehe

qs 1934 - September 9. -~ This storm, with recorded sustained

wind speeds of 65 mep.he at New York City, affected Long Island, Conn-
ectiout and Rhode Igland, Flooding in the Comnecticut River caused con-

siderable damage near Hartford, Comnecticut.
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re 1936 = September 19, - As & result of this storm whioh
'passed.off shore éoms damage to shipping oocurred along tﬁé Rhode
Island voaste Sﬁstained-wind intenéity of 58 mepehs was recorded at
Blook Island, Rhode Island. |

Se 1938 = September 21. - This very destructive storm

b#ought héavy damage to Long Island, Eastern Connecticut, Rhodg Islend,
. Massachusetts, Southwest New Hampshire and NOrtharh Varmnnt.' Sustained
wind intensity at Providence, Rhode Island was 87 mepehe with gusts up

to 150 m;p.h. High tides, high winds end flooding caused seVere damage
and loss of life in southern New England and Long Island. |

te 19&0 - Septenber 2. = Hinor damage to shipping resulted

from this storm which passed about 75 miles east of Nantucket, where
it produced suétained_wind intensities of 57 miles per hours

Us 19hh ~ September 1l-15, = This storm, which brought

sustained wind intensities of B2 mepehs at Block Island, and gusts in
excess of 90 mepehe caused property demage in Long Island. Eastern
Connecticut, Rhode Island, and Bastern Massachusetts. Shore properfies
and beaches were the most seriously affected and many ‘1ives were 1oste

Ve 1954 = fugust 31. - HurriCane Carol swepl across Long

Island, through eastern Connecticut, Rhode Island, eastern lassachusetts,
eastern New Hampshire and western Mainé. Maximum sustained wind intenw=
‘gity was 80 mepehe &t Blook Island, Rhode Island, Rhode_Island. with a
recorded pesk gust of 135 mepehe Comstal property and beaches were

dameged severely along the coasts of Long Island end southern New Eng-
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lend from e combination of high winds end excessive tidess Many
lives were loste Wind and rain damage was extensive throughout the
Southern New BEngland States.

wo 195 « September 1l, - furricane Edne moved along the

coast of New England dameging property in Eastern Massachusetts, Rhode
Islend, Eastern New Hampshire and Maine. The heavy rains which acoom=
panied this storm, fell on ssturated ground and ocaused interior flood-
ing especially in Maine. Maximum sustained wind intensity at Blook
Island, Rhode Island was 70 mepohe with a recorded peak gust of 110
MePabe

Xs 195 = October 15, =~ Hurricane Hazel moved directly

through western New York State bringing sustained winds of 72 mepehe

at Binghampton, New York, and & recorded peak gust of 75 mepehe at

Syracuses The eoffects of wind and rain disrupted utility services and

‘ceused property damage throughout the western part of New England-New

York Repgione

18, ©Of the twenty-four storms discussed above, one occurred in
the 17th century, two in the 18th, nine in the 19th and 12 in the
20th centurye. -0f these, six.occurred in August, 1) in Septembor,
three in October, and one in July. Aside from their concentration in
the months of Augusti, September, and October, there appears to be no
regular pattern of occurrence, It can bse observed that there arse
periods of concentratione Four storms have been recorded for the 26
year period from 1804 through 1829, three for the 25 year period
185ly through 1878, three for the 12 year period 1893 through 190L,

and nine for the 31 year period from 192l through 195li. Sericus storms
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have ccourred at relatively short intervals. Storma in successive
yoars heve been recorded for 1787 and 1788, for 1878 and 1879, and
for 1903 and 190, Three storms were recorded in suocesaiva_mpntha
in 1954, In splte of such interesting parallelé there appears to
be no general pattern of oocurfonoee

19, The most damaging storms which have‘strﬁck the New Englande
Neow York Regionas far as can be determined from the existing records
appear to be those of August 1788, September 1815, September 1869,
September 1938 and Hurricene Carol, 1954, There is some evidence
that the stomm of 1815 known as the "Great September Gale" mey have
been egual 1n.magn1tude to thé Hurricane of 1938 and to ﬁurrioane
Carol, In general, however, information on the early hurricanes is
too meager to invite reliable 6ompariaona; It is apparent that in
most instances, the intense winds of these storms have been accompanied

by torrential rains and extreme tides, and that these have combined

- to produce inoreasingly severe damages as the region has become more

highly developed., The tracks of soms of these hurricanes and others

are shown on Plate 65,
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HURRICANE OF SEPTEMGER 1938

20; Generale - A most destructive hurricane arrived in the
New England-New York Region on 21 September 1938, It cut direstly
across Long Island reaching the shore of Connecticut, near New
Haven, in the mid-afierncon of the same day. It continued northward
following the gen@ral line of the Comnecticut River Valley. Tropical
storms of the intensity of this storm have besn uncommon in this eree,
generally swinging off inte the north Atlantice The lack of recent
hurrioane experience resulted in its striking without adequaete warninge
The devastation in the-coaétal areas was inoreased by the synchroni-
zation of the hurricane tide with the normal gravitationel high tides
Further, with the late afternocon arrival of the highest tide, darkness
set in to add to the confusion of those persons fleeing for their lives.
Fortunately, the summer vacation season had ended and the majority of
the people with shore cottages had returned to their permunent homes.
However, at inlend polnts along the rivers hesvy antecedent rainfall
had satureted the ground and filled the rivers to capacity. The
additional rain accompanying the hurricans foreced the rivers to over-
flow their banks, with consegquent damaging flood conditions.

2l. Antecedent oconditions. = Immediately prior %o the arrival

of the September 1938 hurricene, the New England area had been
subjected to a period of abnermal precipitations. Between the 12th
and 16th of September, up to four inches of rain had fallen, saturating

the ground in most of the New England States. There was comparatively
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little surface qﬁﬁﬁoff-from these reins and the ground beocame
thoroughly saturateds On 17 September, precipitation, starting
]ﬁith light showers end inereasing in intensity, continued until

21 Septembsr when the heaﬁy hurric&ne'rainféll ocourfed.' The total
precipitetion during this latter priod inﬁluding six inches on

the 21st, averaged nearly 12_incha$‘over an area of 10,000 sguare
mileé, with an average of'slightly.overrlé inoheé falling over
Connectiocut and central Massaéhuéettsg‘.Thé antecedent precipitation
had filled the brooks and streams té caﬁaﬁitf, so that the rains
accompanying the main storm Were more thgn‘énough to cause the rivers
to overflow their banks end flood the low areas.s

22, The Burricene, - The meteorological conditions existing

on September 21, 1938 were just right to "invite“ the hurricﬁne to.
New Inglende - 4 trough of 1oﬁ.prassure, exténding‘from North Carolina
into oentfal ﬁbw Englend ley between Q high preésure area over
Newfoundland end enother to the wagt over the eastern Great Plains.
The hurricane, originating 1ik§ most similer distrubances in the
lower latitudes, had followed a general northerly course at a

modest speeds It had been recognized as a fully developed hurricaﬁe
by 18 September, asnd radio advisbriés were issued to all vessels at
seas On the morning of 21 September it was centered off Cape.Haiteras,
af'ter which its forward speed incresased. Instéad of veering off to
the northeast over the Atlantic Ocean, it continued northward up the

trough of low pressure which was the path of least resistance, reaching
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the region in mid-afternoon. Its speed of approach was probably
, over 80 miles_an hour. The accompanying‘winds variedlfrom 75 mepehe
~ near sea level to over 120 mepoh. &t hipher elevations Kfor five~
ﬁinute durations), with gusté in excess of 150 m«é.h. &t several
,1ocations.' | |
2%. Damageso.w The demages inflicted by the hurricene of

1958 wore the heaviest that New England an@ Long Island had
experienced from this type of storm; Along the 6§ast, the lcases
were principally from tidal flooding and wind, whereaé the inland
sections suffered from river flooding and wind damage._VClasses
of damage are desecribed in the following subparagraphs,

as Loss of life. = As & result of this disastrous

hufriﬁane, nore than 500 persons lost their lives, Over 200 of
these were in Rhode Island elone, where in addition to very strong
winds, tidal flooding was extensive and severe. The winds arriving
in mi8-afternocon dgmaged many itrees and homes and disrupted the
power systems. This situation, plué the fact that the hurricane
tide Arrived in the premeture darkness hindered evacuafioﬁ activities
in the coastal areas, |

be Publice - Damage to publio works end property was

'widespread. Buildings, parks, and roads located near the sho_re
were des#royad or flooded by the force of the wind driyen waves

énd high tide. Transportation ceme to & virtval standstill when .

bridges were swept away, highways washed out, flooded, or made
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impasaibie by felling trees and powsr lineé. Many movable bridges
were inoperétive due'to the flooding of their opéfaﬁing mbdhahisms-
.Damage to railroads, from washouts, lost bfi&geﬁ, daﬁaged opereating
equipment, and rolling afock'waa also high. Communication and power

facilities were seriously disrupted, when underground oonduitsxwarp flooded
and overhead wires woare tangled aﬁidat fallan trees and poles,
B ¢« Privetes ~ The principal désfructioﬁ to private pfoperty,
oocurred along the coast from tidal flooding,halthough gt many loca=
tions_aloﬁg the inland rivers whole towns weré }nuﬁdated and houses
swept away'by flood waterse. Numerous ghofe ﬂfonf'oommunities were
almost entirely wiped out by windrand'ﬁave, .In the harbors and inlets
thousends of small boats were lifted and dashed on the shore or smasshed
ageinst the piers. |

de’ demgrciai.:- The losees to coﬁmmrcial establishments
Were SeVere. The city of Pfovidehce, Rhode Islend, especlally, was
-hard hit when the high tide end hgrricahe cémbinéd to fléod & one
and one-quartér square mile area of the business district. Cities
and towns that were inundated by the ovgr-flowing rivers also
experienced serious commercial damsges, but these were less extensive
than in the coastel areas. Gbﬁmeroial fishing enterprises suffered
a terrible blow to their business as whole fleets of fishing anﬁs
were demolisheds Yo estimate is evailable of the total commercial
damage inocurred in the région.  As an exsmple of the soriousness of

these demages Providence suffered direct losses estimated at
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Timber damage. Near Keene, New Hampshire. Hurricane September 21, 1638,
New England-New York Begion.



over $10,000,000, equivalent to sbout $2;,000,000 at e 1954 price
levsle

2¢ Industriale = No cstimate of losses sustained by

industriel concerns a2lone is available, slthough they wers sxiremely
highe In the ccastel area, tidal floocding occurred on the ground
flcors at soores of plante and the consequent damsge to machinery,
squipment, and materisl smounted to meny millions of dollars.

fo Utilities. = Public and private utilitles were emong
the hardest hit. Cenerating equipment, powsr plants, distributicn
systems, end sleotrical equipment were put out of use, destroyed,
or badly demeged. Their repsir and restoration, especially in
floocded aress, waere slow, tedious, and costly. In the Frovidence &fea
underground wiring was demsged by sslt water and had to be replacsd 
or repairsde. Vater supply systems suffered dameges especislly in
¥ussachusetts; snd sewersge systems were disrupted in southemNew
Engzland.

ge Agricultures - The majority of farm bulldirgs wers
sndengered by wind snd those that were located in the low-lying
arcse near the overflowing rivers suffered floocd damages as wWslle
The greatest egricultural loss was to unharvested orops, snd to
the eroplend. 7The lergs, onion growlng scotion of the Connecticut
Vallsy in western Vassachusetts, sud the rich tcbacco lend in
Connscoticut suffered heavilye Steoks of hay were strewn aoross the

gountrysidee. The nsarly ripe fruit orchards were flattened
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and the fyult was destroyed. Thousands of vegeteble gardens with
late growing crops were damaged.

he Militarye = Army, Navy, end Coast Guard posts located
near the coast sustained considerable damsge. Buildings were
demolished, piers and docking facilities btadly battered, repair shops
and equipment were flooded, and boats were grounded and crushede.

ie Harbors and shipiinge = Damages to harbor protection

works that were exposed to wave attack were heavye. In kew Englend
the cost of repair of breakwatere and jelties was estimated as close
to $500,000. Seawulls and bulkheads were alsc extremely hard hit.
Many docks and piers were reduced to a few sticks and pilings, much
of the damage being caused by boats striking thew. Lighthouses in
exposed locations, although constructed tc withstend exposure to
heavy storms, sufiered severelys. Within the Long Island Sound ares,
alone, danAges to lighthouse structures and supply depote was nearly
$1,000,000, Boate of all descripticns, including tankers, freighters,
passenger vessels, tugs, and Larges, were damajged or destroyed, as
many were drivon ashore. New England fishing fleets, suffered heavily
with nearly the entire Rhode Island and Cornscticut fleets destroyed.
2ye  Summarye - The hurricane of 21 September 195. was the most
destructive storm, dame;ewise, to reach the llew England-New York Region
up to that time. Losses are reported to have totaled about one third
of & billicon dollars based on 1938 price levels, but no deteiled

figures are available to support this estimates Over 500 lives were
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Small craft damage. Barrington (above) and Wakefield, Rhode Island.
Hurricane September 21, 1938. New England-New York Region.



loste Devestabion was widesprssd, with the major part of the damage
being cmused by tidal flooding and wind along the coastline. The
"Supplementel Report on Hurricane of September 21, 1938" prepared
by the Ue Se Englinesr 0ffice, Providsncs, R.le indicsted demagss
from tidal flooding along the southern oonst of New Bogland totalling
¥55,000,000. Hot considering the grest building sxpansion and incresse
in sooncmic sokivity that has taken place sinee that deis, the dsmage
would execesd $145,000,000 based on 19 prics levels. No c&myargblg/
figures ars available for wind damsge.

25. fThe long period of antecsdent precipitation snd the exivens-
1y heavy rainfall sccompanying the hurricane produced floods which
are presently the historical floods of record at many looalities.
¥sjor floods occurred in the Merrimack, Themes, Connecticut and
Housatonic River Easins which resulted in demmyges estimated at over

$10,000,000, Recurrence of floods of equal magnitude in those basins

would ceuse damspes estimated at $165,000,000 at s 1994 price level.

HURRICANE O SEPTEMBER =15, 19k
24, 4ne conter of the Hurricans of =15 September 19Lk after
orossing the eastern end of long Island resched Hew hmgland shores
at Westerly, Rhode Island, Fortunately it arrived on the ebb tide,
so that the destruction assoociated with tidal flooding was not
evidencede Rainfall was heavy, with 4.5 inches falling in a six=

hour period at Providence. The storm traveled in a northeastward
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direction, leaving the New England area north of Plymouth, ¥assachussttse.
The mejority of the damege in southern New kngland and on Osps Cod was

to shores and beaches, shore property, and some harbor ipstellations.
Water supply systems suffered minor demages in Massachusetts and Rhode
Islande The maximum wind velocity (for a five-minute period) recorded
at Block Island was 82 mepohe Extrems and gust wind veloocities ex-
ceedsd 90 mep.h. at many locutions in Connecticut, Rhode Islend end
¥sssachusetts. In the New England area, it was reporited that 30

lives were lost, ovor 1,500 houses dumeged or destroyed, and nearly

650 boats demolished or badly batterede
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HURRICANES OF 195l

2Te Hurrisans Carcl. = The senter of Hurrisuns Carel srosasd

the south shors of Long Island slightly east of West Hamplon about
8130 LMo (EST)e An hour later, it passed imte Long Island Sound

off Cutchoguse By 10330 A, (EST), it wms over the southeast shore
of Comnscticut mear the mouth of the Connesticut Riwver. Curving
8lizhtly on = northward course, the senter passed § %t 10 mliles west of
Worsester, Hassashusstts, about noon and penstrated inte southe
central New Hampshirs sbout 1:%0 B.Me (E5T). In mid-aftorncon, the
strength of Carcl's winds and its speed of forward progress dimine
ished as the venter traveled uorthward over the rugged terrain of

New Hampshire. At 7330 Polfe (EST), the coenter was loested at latitule
16°%N ., longitude 7i%., just wmorth of the Cemndian border, and the
weakening storm had lost all hurrlicene force.

28, In Longz Islend and New England ths storm damsgs may be di-
vided into threc prinelpal classess The first, cnused by wind alons,
was most severe over the area east of the hurricens's center lins of
pessage snd south of the northern bordor of Massachusetts. This arse
included lony Island east of Riverhoad; New London, Tolland and
Windhum Countlies, in extrems sastorn Connsstiout; #ll of Hhode Island;
and Massachusetts east of the Webster=iorcester=Fitchburg iins oub
to the "elbow' of Cape Cod. The area was swopt durinyg the morning
by sustained winds of hurricens force with gusts up to 125 mepehe
Countless trees were toppled, blocking roads, smashing bulldings and

eutomobiles, snd wrescking slectric and televhons 1linsas
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Boofs, ochimmeys, steeples, aerlels, signs, windows, store fronis,
radic and television broadcesting towers were damaged or destroved,
All forms of tramsporteliim were crippled, In thisz heavily=populated
aren, the ordinary activities of daily living wers forcibly suspsnded
by the storme Himdreds of thousands of families had fo 4o withoul
telephone service and without electricity for cooking and lighting
for days wntll utility workers were able to effest repairs. Strssis
and highways were guickly cleared of fallen trses, bui not umtll

o week had slapsed wers utility sgervices generslly restored te
normal. In addition, numorous factories (in Rhode Island sspsoislly)
ware 50 badly demsged thet workers could not return to their Jobs for
pericds repging from several days to three weeks, with consequent
heavy financial loss,

29, Similar but lesser devastation took place during the morn-
ing over oentral Long Island and the strip of Massachusails and
Connectiont extending from the peth of the hurricene center to the
Connecticut Velley. This district was lashed by L5 to 55 mspelts
susteined winds, with gusts to 65 me.pehe, and by even highsr winds
sloze to the center of the storme In the aftermoon, winds of like
force pummeled the southwsstern corner of New Hampshire, the portion
of the ssme state east of the path of the storm center sm! south of
Lake Winnipesaukes, snd southwestern and south-central ¥aine., Aleng

the New Hampshire snd Maine coasts east to the Kenmebec River, winds

were higher than over the rest of northern New Englend; sustainsd
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Wind damage. 1lity service and use of street disrupted by fallen trees. Hurricane Carol.
Quincy, Massachusetts. New England-New York Region.



spesds were in the 6070 m.pehe class and gusts ranged to 30 mepehe
Vermont, contral snd northern New Hampshire, most of Maine, and the
wesbern parts of Massachusetts and Connsstliout gxperisneed gale
force winds, but ne really severe vslosities, end the sama

held true for eastern New York State inecluding the western snd of
Long Island.

%0e The second and most devastating type of storm damage was
that inflisted on shore arcas by tidal flooding. The hurrigense struck
Lonz Island end southern New Zngland olose to the tims of gravitatlonal
high tide; this olrocumstance combined with the hurricans tide flooded
harbors, beaches snd similar low-lying areas and wrecked everything
in the path of the water. Seaside resorts, thronged by thouseands
of vacationists, were thus areas of particularly heavy damags. Were
it not for the prompt and effielent measures teksn by local govern~
mentel, police and eivilian defense agenocles to evacuate people from
beach cottages snd hotels the loss of 1life would have besn far greater.
Wave damape extsnded during the afieimoon to include the New Hampshire
gshere =nd much of the Maine coast.

21, The third type of damage was the havoc done to plaasure
snd fishing eraft and shore structurss by the comblned actlon of wind
and water. An estimated 1,000 small sraft were thersby sither serious-
ly demaged or destroysd, as they wore torn from their wmoorings, sunk,

or pounded on the shore.
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32 A summary of storm affects resulting from Hurricane Carol
by states follows:

as New York State. = The ocenter of the hurricans traversed

the castern end of Long Island along the West Hampton-Cutchogue line
during the hour betwsen 8:30 and 9:30 A.M. (EST). Severs wind damage
occourred from sbout the Sayville=Port Jefferson line all the way out
o Montauk Point, and was at a maximun between the West Hampton=
Riverhead=Cutchogue area and Montauk Point. From the Bsyshore=Islip-
Northport area westward, wind demage was less severe and was relative-
1y small in end around New York City. Water and marine damage, how-
ever, was heavy all along the Sound on both the Long Island and
Westohester shores. This type of damage vwas also hizh along the east-
ern and central portions of the southern coast of Long Island. Montauk
Point was 1isolated by a severe washout east of Amagansett, and the
300=foot Mackay Radio tower there was blown down. In Port Jefferson
harbor, on the north shore, over L0 émall craft were damaged or de~-
stroyede The 200=foot ferryboat "Orient" was driven mshore by the
storme Peak wind gusts reported during the hurricane at Lonz Island
locations include: 54 me.p.h. at New York International Airport; 62 m.p.h.
at La Guardia Field; 85 m.pehs (rooftop level) and estimeted 125 MoPehe
(1)0=foot level) at Brookhawen National Laboratory.

b, Connecticut. - Carol's center traversed the extreme
eastern part of Connecticut between 10130 and 11330 A.M. (EST), Wind

damaze was relatively light in western Connecticut, but inereased
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Private property damage. East side of Charles Neck, Marion,
Massachusetts. Hurricane Carol. New England-New York Region.

Private property damage. Cottages from Charles Neck, Marion,
Massachusetts. New England-New York Region.



eantward from modersts to ssvers ovar the rest of the sbabe. Waler

and marine damags was hoawvy slong the entlre scoast, and grostest in

the New London=Grebon-Mystic seetlon. Tn these btowns, webters [loodsd
not omly the beach aress bub the business and parmenent residentlal
Alstricts as well. Notable also was waber damsge at Stonlngbon, in

the New Haven ares, st Bridgeport and Stammford. HNew London, Middlessx
prid Hew Haven Counties wers designated dlsaster aveas. FPeak gusis
sbserved during the hurricane ars the followlngs &0 mepahie 8L
Bridgeport; &l mep.he st Hartford; &5 mepeh. at Hew Hawang wnd 80 mepehe
at Windsor locks,

)

c. Rhode Island. = Rhode Island was very hard hit, heing

in the zone of strongest winds as the hurricans passed nerthward
through nearby Connecticut. Its southern woanst and the pumsrosus
waterways ssscciated with Yarrsgansett Bay were seenss of smormous
woter and marine dsmags. The downtown section of Frovidencs waa
floeded end Veatsrly was ospocilelly hard hit. Indesd, the worst of
the hurrigsane's fury was concentrated on this Stabe, sll of whieh

wos duolared s disaster ares. A penlk pust of 105 m.pehe. was resorded
at ths Frovidence Vsathsr Burssu Alvport Stationg 130 mepehs ab

Bioek Island mnd an estimated 125 mep.h. at Quoenset Polint Nawsl AMr
Station.

de Moszuchusabtba. = The center of the hurriecans Lraverssd

the state from about 31330 A.N¥. to 12:%0 P, (E87). ¥%ind demage

was light in the western third of the stabe, moderate to heavy ln
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the central portlon, and heavy throughout the entirs castern ares,
exoopt relatively light on Martha's Vineyard, Nentucket and the
guter part of Caps Cod. Waber and warine damsgs were heavy »l)
along the coast, with the maxlmum in Bugzzard's Bay and along the
southern side of the Cape eastward to Chatbam. FPopulstion centers,
sush as Fall River, New Bedford, Brockton, Boston, Worcester,
Lawreace end Lowsl) sustained major losses. In Bostom, » noteworthy
feature of the storm was the toppling of the steeple of historie
0ld North Churche The following counties were designated disaster
areas: Suffolk, Essex, Middlesex, Norfolk, Plymouth, Bristol,
Barnstable, Dukes and Nantuckst. Peak gusts includes 100 m.peh.

at Bluc Hill Obserwvatory in Milton; 88 m.p.he at Otis Air Forece
Base near Falmouth; 77 mepeh. at Nantucket; 52 mepeh. at Pitts-
field; 93 me.pehe at Salem U. S, Coast Guard Air Station; snd 71
mepehe at Westover Alr Force Base near Springfisld.

se Now Hampshire. = The oenter of the hurricane pushed

northward through New Hampshire during the afternoon. Since the
storm's intensity was diminishing, central end northern New Hampshire
sustained relatively light wind demage. This type of damege wes

moderate to heavy inm the southern portion, end greatest in the southe

sast, where Strafford County was designated a disester area. Watsr
and marine damage wes extensive along the coast, at such crowded
beach and boating centers as Hampton, Portsmouth, Exeter, New Castle

end Dover. In addition, epproximately 150 small craft on Laks
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Winnipesaukee were dameged or destroyeds The followiny, peosk gusis
were experienced in New Hampshire: 63 mepehe et Conoord; &5 mepsehie
at Laconias L) mspehe at Leobenon; end 52 mepehe 8t Crepier Alr Foree
Ense near Hanchesters

fo Maipne. = Maine, on the dangerous side of the storw,
susteined heavy wind, water and marine losses. Host of the dausge
wms suffersd in the southwsst and south-central portions, and along
the coast oastward to Bathe The northeastern const and the norih-
ern intorior was out of range of the severe part of #he storm. Tork,
Cumberlend, Sagsdahoc, Lincoln, Knox and Veldo Counties were desirnated
disaster areas. Portland, Brimswick, Auburn-Lewiston and Augustes were
hard hit. Pesk pusts includos 73 m.pehe at Dow Alr Force Base mpaar
Bangor; 78 me.pehs et Fortlend; 8l) mepehe ai Brunswiek Naval Alr Station;
estimated 10 mepehe &t CGroenville; 8 mapehe At Foulton; end 50 mspehe
et 014 Towme.

zo Vermonte = Vormont wss on the western side of the wiesk=
ening hurrlesne as it travelled norlhward throuch New Lampshire, snd
thus had the least damage of sny part of New inplande. Heaviest prop~
erty and utility deamage vas experisnced in Brattlebore end adjscent
arces in the southeaste. Montpelier's pesk gust was 35 mePehe, Nows
port's was 25 mepehs, Burlington's 50 wepoehe

33, Hurricane Kdoe, = Hurricans Kdne, the secand such slorm

to visit the east coost within 11 days, struck Long, Island snd New

England another blow on September 11, 195, Swashing into MYariha's
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Vinsyerd shortly after 1 P.M., it orossed Cape Cod Eay, following a
slightly curving northeasterly ocourse off shore; it headed toward
oxtreme eastern Mainme end passed close by Eastport, ¥s., into New
Brunswiok shortly after 7:30 PsM. Thus, nearly all of Long Island
snd New Englend, except Cape Cod and the islands to the south, were
on the west or north side of the storm, and were sparzsd the full
brunt of the wind foroe., Highest gust velocities in these aress
came with the storm's back-lash and reached to above 90 fiePehoe
Gusts above 100 mepsh. were recorded on Martha's Vineysrd and outer
Cape Cod,

3he Major damage was produced by the very intemnse rainfall

preceding and attending the storm's onslaught. The rainfell wes of

sexcesslve and near-record intensity for e number of hourc and amounts

of |, to 8 inches were genersl along coastal areas, southeastern Now
Englend, end eastern Maine., Locel floods and washouts were wide=-
spread. Southern and eastern Maine arees were especially hard hit,

with drowmings; highway and railroad right-of-ways honeycombed with

treacherous washouts; many trees felled, teking electric and telephome

lines dows with them, and substontiel losses to grain crops in

Aroostook County. Major losses in other parts of the affected areas

were of a similer nature = road washouts, serious floods, end slectric

and telephone lines downed by felled trees.
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Wind demage. Trees and utility ;}6% block street. Hurricane Edna. Castine,
New England-New York Region.



38 Hurriosns Hesel. = The eanter of Hurriesne Hezel moved

northwerd through central Pennsylvenlie, snd entersd the wasbtern
pertion of the roglen in Hew York Stete south of Leke Onterlie at
ehout 8130 FoMe The storm produced rsoorded gust winds of 75 mepehes
at abouk 12 otelesk in Syrecuse, lying te the sast of the santer,
end of T3 mepehe b about 11:30 Pa¥e in Buffele, to ths west of ths
sentere Haxbmum wind velcoitles of 20 mepehs wars experienced in
the Finger Leies arvae It brought wind gusts up to T2 medehs 23
for snst as woestern Long Island end produced demaging weves in thsei
ereae Unlike Hurriosanss Carcl wmd Edna, rainfall asocompenying
Aurrissse Hezel wes relabively light in tho reglon, sxcept in
the sxtrame woesterm portione Jemsstowm, New York, which liss @
fow miles vutsids the extrems scuthwestem pertion of the reglon,
hed & inches of rednfell during s btwenbty-four hour pericd ending
7 AeMe on the 16th of October, snd over 1 1/2% of reln f8ll in the
vioinity of Buffelo snd Nisgera Fallse Reinfsall wes very light or
ebsent in the Finger Lskes portion of the rogione

36 Beocauss of the moderate to smell smounts of reinfall
throughout muoch of the region during the stomm, flood danege wes
not widespread. Serious demage from flooding was reported only in
Chsuteuqua County, the westemmost ocowunty in the reglone Minor
dsmags was osussd Uy the overloading of looel drainege facilities

in Buffelo end Niegera Falls, Neow Yorke Ths prinoipel damnage in
the letter srses end the only dazmege at other points in the Mew

York Stete portion of the Region wers ocasused by hipgh windse Trees
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and lerge brenches were blowai down oerrying utility wires with theme
Felling trees elso damsged buildings end blooked highweyse There
was oxtonsive dsmsge to TV seriels, eand some roofs werg é;gm&sg@&.
Smell bosts were demeged by wind and weve in western Long Islend
waterse

37 The prinoipel demages wsre suffered by residentisl md
sommerois) propertiss, and by utility services. Utility customers
were affeoted for varying periods by loss of utility service. Full
servioe was restored throughout the region in ebout three dsys;
hewaver, meny of the repeirs were of & temporary naturse The most
serious dameges te both utility services end to residantiel and
commeroial property resulting from Hurrioene Hazel wers suffered
in =n area in wsst oentrel New York, oentered on Syracuss.

37a, The major damage areas in New FZngleand are shown on Plate
66, The major damage areas for Long Island, New York and vicinity are

shown on Plates 67 and 68,
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DAMAGES CAUSED BY 1954 HURRICANES

38+ Generale = In general, damage figures presented in this
aaotioﬁ are limitéd to estimates of damage sustained in coastel
cities and towns, except those resulting from Hurricane Hazel. A1)
eatimates are based on information obteined from Federal, State,

City and Town offieialsﬁ from responsible officials in industrial
and commercial enterprises; and from trained damage survey personnel
specially asssigned to investigation. |

39, Time and personnel limitations precluded datailed coverage
of each community affected by the 195, hurriocenes, however, all
communities having tideweter frontage were inspectede Available
estimates of damages sustained in inland communities from hurricane
winds and rains are included. -

Lo, Unless otherwise noted, all damage figures for New Englend
inolude both direct damsges to structures and équipment. and indireot
damages sudh as loss of revemue and wagess Demsge figures for areas
in New York State do not include loss of revenus end wagese Vihere
applioable, separate, estimates are indicated for damages attributabla‘
to each of the three hurricanes. In general, estimates are given
by States, but detailed estimates have been provided for such critical

damage zones as Fairfield and New London, Comsoctiout; Newpoft, Bristol,

and Providence, Rhode Island; and Assonet and New Bedford, Massachusettsa
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L1, Joss of lifes = Records of the five hurriocanes that have

struck the New England-New York Region during the past 16 years indicate
that the greatest danger to life has been from water rather than from
wind alone. The heaviesf tolls have unguestionably ocourred as a result
of tidal flooding althougﬁ exact figures are not available. The most
significant faotors determining the degree of danger appear to be the
adequacy of warning lservices,.the relative timing of gravitetional
and hurricans tidés, end the season of the year and time of day the
hurricanse oocurse Of these, there seems little doubf that the
adeguaocy of the warning system, is the most important single factor.
Improved forecasting techniques and warning devices, as well as the
genersal awarenmess of danger among oocastal residents were the major
factors in the relatively small loss of life esxperienced in the
1954 hurricanes as oompared with the 1938 hurricenes

L2s Hurricene Carol (August 31, 1954), elthough occcurring at
the height of 1§he summer recragtional season, found both coastal
and inland residents more fully awaré of hurricane danger than wes
the case in 1938, Foreogsting techniques, warnings and evaouatipﬁ
helped to protect affected populations.. In addition, the hurricane
struck in the morning in full daylight, aiding the orderly evacuation
of dengerous coastal areas. Consequently, in spite of extrems tidal
flooding, the loss of life was surprisingly low. The center of

Burriocane Edna, which struck the reglon 1l days later, passed over
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Tidal flooding.« Hurricane Carol. Westport Point,
Massachusetts. New England-New York Region.

Rescue operation.



the eestern ond of Cape Code This storm was well forecastied and
widely publicized. As it ocsme at & time of relatively low
gravitationsl tide and affected a smaller area, it wms not
sccompanied by serious tidal floodinge The loss of 1ife was much
less then in Hurricane Carcle

L3, fotal 1lives lost in New England in both Hurricanme Carol
and Hurriosne Edns hes been reported by the Americsn Ked Cross to
heve been 58, with 27 deaths in Mnsssohusetts, 21 in Ehode Ialand,
eight in ¥aine, end one each in Connecticut end New lBmpshire. Three
lives were lost in long Islande No exact informmiion is avallsble
on the number of deaths assignable to variocus coutributory causese
It is known, howsver, thet the vest majority were Ly drowning,
occurring either as boat owners aticipted to save thelr orait, &s
people fled to safety from the comst, or as a résult of the [lcoding
of interior rivers. Other fatalities were caused by falliing trees,
flying debris and by over-exertions It is reported that Hurricsns
tmgzel contributed to the deaths of two psrsons in New England snd
between iy snd 19 persons in Now York State.

Lhye Publio propertye = The dasuges sustained by varlicus public

properties in severe hurricanes such as the three aiieoting the region
in 1954, particularly to trees, highways, and coastal strusctures,

are compareble in monetsry terms to Uhe widespread demages to privaie,
commercial, and industrial propertye In genersi, aithough sume

demmge was susteinsd by public buildimgs such as schools, hells,
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libraries, water and sewage works, and by such installations as
military bases, the bulk of hurricane dampges to public property

was that ooourring to highways and bridges, public parks and forests,
and to publiocly=-owned beaches, shore recreational structures, shore
protective structures snd navigational improvements. Damages to
various types of public properties are described in the following
paragraphs. Deteiled damages to public works in New kngland are
shown in Table 85,

5. Publio buildingse = Demage to public buildings waes not

particularly serious or extensive in comparison to demsge to other
public propertys In inlend areas, primary demege was due to wind
effect on roofs and windows with secondary damsge due to rain
entering openings mede by wind action. Damage was more extensivs
in coastal looations. In some instances public buildings ware
affected by tidal flooding such as the City Hall and post office
at Providence, Rhode Island, and a fire station at New London,
Conneocticute Bathhouses were destroyed at Osprey BSeach and
Shenecosset Beach in Conneotiout, and Napatree Beach in Rhode Island.
At Nahant, Massachusetts, a recently constructed sochool gymnasium
osollapsed.

Lb. Highwayse = In many inland towns and municipalities which
did not suffer flooding, the prinoipal loss in 195l hurriocanes ap-
peared to be the cost of clearing fallen trecs and debris from public
streets and from other publicly-ovmed property, and oi restoring roads

washed out by the accompanying rains. In coastal areas, many roads
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and beuach parking areas were coversd with sand, debris, or boins
others were washed out, undermined, or endangsred by damages to
protecting revetments or walls. Typical of such damkges werel

those suffered betwesen Westhampton and Montauk Point on the south
shors of Lonz Island, roads were inundated eand buried under sandg

at Hammonaesset Beach, Connecticut, 18 inches of sand covered the
perking areas; at East Lyme, Conneoticut, shore roads were washed
out; at Misquamicut and ‘eekapaug Beaches in westerly, Rhode Island,
shore roads were under several feet of sand; at Horth Kingston,

Rhode Islsnd, the bank and shore road were cut back; at Jamestown,
Rhode Island, houses were deposited on the road; and at Varsham,
Falmouth, Barmstable, end tartha's Vineyard in lMassachusetts shors
and beach roads wers either covered with sand and debris, or destroyede
In addition to such road dawsge, msny bridges were seriously dumaged,
as for oxzuplo the Nanquacket and Stone Bridges in Tiverton, Rhode
Island, and the Cogzeshall Bridge in New Bedford, Lassachusetts.

Li7+ Shore protective structursse = Damage to shors protective

structures was compartively moderate except at places such &s Falimouth,
¥assachusetts, where seswalls and bulkheads wers destroyed or seriocusly
dameged and backfill eroded, and Saleii, Massachusetts, where a heavy
geawsll was torn away at Hurley louint. In other imstances, protective
strucbures were overtopped and the property which they were designed

to protect was seriously damsged, with little duzmge to the proteotive
structure itself. Representative of the variety of minor damage to

protective structures, most of which was incurred in Hurricane Carol,
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was the damage to stone groins at Hawks Nest Beach in Old Lyme, s
Connectiout; damage to seawalls at Cresocent Beach in East Lyws,
Conneoticut, at Narragansett, Rhode Island, and in the Clark Cove

aree of New Bedford, Massachusetts. Similar minor demage is
exemplified by that to boulder revetment at Avery Point in Groton,
Conneoticut; by erosion behind the seawall at Stonington Point,
Connecticut; and by damages to timber groins at Buttonwoods in
Warwick, Rhode Island. Minor damages of this general nature were
widely experienced along the coastal areas of Long Island, Connectiocut,
Rhode Island, and Messachusetts, as well as to a lesser extent in

New Hampshire and Maine.

LB8e Channel shoalings - Little acourate informetion is yet

avallable as to the extent of shoaling ocaused by Hurricanes Carol
and Edna however experience in the 1938 hurricene indicates that
substantial shoaling may well have occurred in various navigation
channels., Minor instances of shoaling known to have been caused
by the 1954 hurricanes occurred at the Venetian Harbor entrance on
the eastern shore of Conneoticut, and in the Quonochontauy inlet
in the south shore of Rhode Island.

L9+ Beach erosion. = In some instances changes in the appearance

of particular beaches resulting from Hurricane Carol were strikinge.
Along the eastern portion of the south shore of Long Island, beaches
woere breached and large sections of dunes cut through. At Hammonasset

Beach in Madison, Connecticut, the landward edze of the sand beach
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Beach demape. Breach in barrier beach. Hurricane Carol. Westhampton, L. I., New York.

New England-New York Begioen.



wns reportedly exitwnded about Lo feet inland over the marsh with

en average depth of sand of one foot. In genseral, howevsr, erosion
of beaches resulting from wave attack was moderate. Along the
¥assachusatls shors, wave attack ocourrsd gsrerally at 2 higher level
than the berms of besches, with conssquent erosion of bluffs, oliffs,
and sand dunss rather than of the beaches themselves. Hven in thoss
arcas rcoeliving the brunt of Hurricsne Cerol's attack, spscifiocally
those arses extending westwaerd from Chatham, elong Nantuskst and
Vineysrd Sounds, Burzards Bay, Narragsnsett Bay, Block Island Sound,
Fishers Isleand Sound, and Long Island Sound, erosicn of beaches was
not generally severe. Minor erosion, or accretion, occurred at a
variety of localities. Iepresentative of erosion wus that of the
sound end of Crescent Bsach in East Lyms, Conneotlout, and the
aoorstion of Black FPoint Beache At Napatree Beach, in Vssterly,
Rhode Island, thers was a substantial movement of beach sand land-
warde Nore common, howsver, was the erosion of areas normally
beyond the reash of wave attack. Heavy erosion along Cliff WHalk

in Newport, khode Island, ripped awsy huge unprotected sectlous of
the walke The erosion of dunes snd the movement of large quentities
of sand landward at Horseneok Besch in Westport, Yassachusette was
also reported.

50. #orks undsr constructione - Extensive public works were

under sonstruction in Xew Englande Publio highways were being built
in unprecedented volume, militery construotion was at a hizh level,

end public buildings, particularly schools, were being erected in
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many communities. With great activity in public construction, it
might have been expected that the intense winds and preoipitation
which ocourred during the 1954 hurricanes would have caused much
damage. The damage surveys conducted by Federal, State and munic~
ipal authorities did not, however, reveal the existence of any large
amount of damage to works under construction. Exocept for isolated
damages, such as washouts of embankments, minor demage to buildings
and bridges under construction, and lost time, it appears that

damage to works under construction wes relatively minor. No separate
estimates covering this type of deamage are available.

51. Estimates of damage. - Estimates of deamages to public

property for New England are given in Table 85. Damage to publioc
property on Long Island, New York resulting from Hurricane Carol
amounted to an estimated $52l;,000 and from Burricene Edna, $175,000.
In addition, beaches and beach protective structures soms of them
public property, were seriously dameged by Hurricane Carol and to a
lesser degree by flurricane Edna. Total damages to beaches and beach
protective struntures attributable to Carol amounted to an estimated
$,75,000 and to kdna $80,000. In north-central and western New York
State, damages to municipal property and to public hizhways and parks
attributable to Hurricene Hazel have been estimated at $8A9,200.

52 Shippinge = Damages coincident with recent hurricanes
have been particularly severe to fishing vessels, other commnercisl

vessels, recreational oraft and shore facilities servicing these
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Vessel demage. Fishing vessels aground.
New England-New York Begion.

Popes Island,
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.ggidigm and  Hishwevse Seovmlls, broske ,
Location Buildizgs Town ’E/ Stats watera sad channals

Commectious  § 26,000 & L39,000 § 180,000 $ LB87,000
Hhode Isiand B85 ,000 1,258,200 T211,000 840,000
Y¥assachuzsetis 228,000 ©,563,00C 3,113,000 389,000
New Hampshire 20,000 T7 500 375,000 -
iaine G5 ,000 1,000 122,000 15,000

Tobals $1,076,000 $l153L3,000 84,554,000 $1,131,000

Hurricars Bdna

Commecticut &  L,000  § 100,000 § 15,000 -
Ruode Island 58,000 252,000 80,000 -
Vaszachusetts 22,000 L06,050C - -
Yew Hampshire 1,000 - 300,000 -
mim - 2;2.519@00& 1.628‘000 -

Table

Summary of hurricape damages Yo public properties in

Heow Enziend, 1900, hew Logiand-lew JOrk Rezion

Hurricans Cerol

Other
publin g/

$ 2,247,000
7 534,000
22,191,000
253,000
%1,0,000

$32:?65:&9Q

$ 556,000
519,000
529,000

83,000
1,113,000

$ 2,800,000

Grand Tobal

_3./ Damage totals except for Massachusetts and Maime, include damage
highways located in cossbtal commnitiess

only to towm

g/ Includes all estinmates of dmwage which oould mnot be segressted by spooific

item, snd cost of cleamup and demags to military installations.

Potal

$ 35379,000
10, 7hb,000
28,619,000

8,000
583,000

$Ly,169,000

$ 705,000
899,000
957,000
384,000

5,160,000

$ 8,105,000
$52,2714,000



oraft along the southers coast of New Englend and the Long Island
shores. losses by fishing vessels and recrsatiocnal oraft have been
espeoially heavy.

53. Commercial vessels. = Hurricenes Carol and Edna oaused

an sstimated loss of over iwo snd one=half million dollars in New
England and Long Island to commercial vessels. About 140 vessels
wore wreoked snd L55 damaged, in New England waterse. Yost of this
damage wag suffered by fishing vessels. In Massachusetiz alone

the loss amounted to sabout a million dollars with nearly half of
this suffered by the fishing fleet at the port of New Besdforde 1In
all, some 52 vessels were dameged at New Bedford to the sxtent of
$,95,000 with the estimated losses ranging from $2,000 %o $L0,000
per vessel. Commercial vessels in Rhode Island, mostly fishing
vessels, suffered losses totalling about $650,000. Loszses wers
ineurred by large trawlsrs and numerous smaller vesssls. Demages

+o commsrcoial vessels in Conneocticut totalled about §320,000. Soms
$250,000 of the total ocourred at Stonington, Connecticut which is
the home port for 80 percent of the fishing fleet in Connectloute

AL Stonington, three vessels were sunk, one being & botal loss, 16
woere washed ashore, three were floating and out of commission, snd
two required dry-docking for repairs. In Maine damages Lo commercial
vessels smounted to about $450,000. A large perosntuge of this loss
was suffered by the fishing fleet, small lobster boatz and other
small fishing oraft. The smallest losses in New Znglsnd waters were

incurrsed by fishing vessels in New Hampshire where the total loss
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Before: Assembly for 1954 U. S. Atlantic Tuna Tournament av
Narraeansett. R. 1.

During: DBoats riding at or above level of pier and sutos awash.

After: Wrecked PTuna Tournament crsft. Hurricane Carol, New
England-New York Region.



wae eabimated tu be 55,000, ¥uch of this damuge occurred in the
ports of Hampton, Sesbrook, Rye and Hew Castle. Daummges %o commereisl
vessels in Long Island waters amounted to an estimated $5L,000 from
Hurriocans Carc) snd $3,000 from Hurricans Ednse

She Small crafte = Reoreational craft suffered extremely
heavy losses during Hurricenes Carol and Edra at many points slong
the southern shores of New England particularly in the Narragensstit
Bay a8 & result of Hurricane Carole It is estimated that over 750
pleasurs oraft were wreoked and more than 3,000 demzgede The value
of these losses is an estimated §9,900,000. Many oraft were driven
ashore, swanpcd and pounded against the bridges and wharvese More
then half of the Ye 5. Atlantioc Tuna Tournament Fleet was sunk or
damaged at Ualiles, Hhode Islauumd. Shors faoilities such as pisrs,
boat houses, yacht clubs snd similar structures also recsived gresd
demage, some being smashed beyond repaire In Long Island waters
pleasure crafit sufiered dawages estimated &b $281,000 from irricane
Carol and $88,000 from Hurriocane Eduse

55. The sstimated dumege in New Englend walters to shipping by
political subdivision end cless is glven In Tabls 8. Included in
the over-all estizates are damegel tu private and commsrcisl shore
installotionze No attempt has boen made o give individual damayge
figures for Hurricsnes Carol and Edne, but it is gensrally acknowledged
that Furricans Carol caused the most zevere losses bo shipping. Demages
o ocmmeroisl vessels which may hsave bsen csused by Hurrlcans Hazel

have not been reported to the Committeee It is reported that Hurricane

KXXII-h5



Hazel damaged over 100 small oraft in western Long Island waters,

but the monetery loss is not known.

Table 86 - Shipping losses from Hurricanes Carcl and Edns,
New kngland, 1954, New England-New York Hepsion

Recreational

Tocation Fishing vessels ___oraft Total
Conneoticut $ 390,000 $ 1,000,000 ¢ 1,390,000
Rhode Island 650,000 5,000,000 5:650,000
Massachusetts 1,000,000 3,000,000 14,000,000
New Hampshire 65,000 150,000 215,000
Maine 450,000 750,000 1,200,000

Totals $ 2,595,000 $ 9,900,000  $12,455,000

56e Utilitics. = Utilities suffered varylng degrees of dauwage
from recent hurricenese. The following perazraphs set forth ths effeots
of these hurricanes on water supply, sewerage, electric power, end

communication systems. Utility dameges are summarized in Table T5h,

57. Water systemse = On August 31, 1954, Hurricane Carol oaused

a large amount of damege to water systems, partisularly iu Rhods Island
and eastern Massachusetts, although the number of systems and the
monetary loss wers not so large as during the 1958 hurricans. lLosses
were similar to thoss of 1938 and involved powsr losssgz, raguirsman ts
for smargensy equipment, tree damuge, breakage of mains at river
orossings, washouts of mains and ssrvice lines, ocontamination of
water supplies by selt water sand damages to buildings snd egquipment

such as maeters, slectrical controls and motors 2nd pumps.
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Damaged recreational craft. Scituate Harbor, Mass. Hurricane Carol.

New England-New York Begian,



58+ Massachusetts reported theliargest_damage to water systems
from Hurricane Carols A total of 27 water systems reported demage
and the total loss was estimated to be §195,000, In Rhode Island
seven water systems were reported damaged and the 1oa§.waa approx;mately
$78,000, 'In Connecticut no demeges to water supply systems were re~
ported to the Department of Health and since this agency usually is
informed when such damages oocur it is assumed that the‘daﬁage and
dollai loss wore minors In Maine the only damege reported”wﬁs at
Belfagt where less than $500 was expended for reservoir restoration.
Other than temporary power fallure in three communities, the only
demage in New Hempshire occurred at lancaster where the intake dam

‘was.waéhed oute Repalrs to the dam and disinfection of the reservoir
ooat'a_repbrtéd $5,000 _Vermont &nd,New:York (within the New England=-
New York Region) reported no losses to water supply systems from the
August 31 hurricane.

%59, Massachusetts was the only State reporting damages to water
supply systems from Hurricane Edna (September 11, 1954)e Six water
supply systems in eastern Maséaohusetts reported damages, mostly /due.to:
power loss although in one instance silt entering th§ reservoir
caused partvial ologging of slow sand filters and at another the tubular
well fisld was floodede The total monetary loss, mostly for emsrgency
and extra labor, was estimated by the State Department of Public
Hoalth as probably not in excess of $3,000

60, None of the States reported any direct loss as a result of

Hurricane Bazel whicoh occurred on Ootober 16, 195L. In New York,
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e number of‘water supply syétems suffered a temporary loss of
power and had to resort to the use'of.auxiliary equipmentes Where
suxiliary equipment was not available storege capacities were
adequate to avoid sericus drops in water pressure. Table 87
summarlizes the monetery loss to water supply systems oaused by the
hurricanes of 195k,

Table 87 ~ Summary of monetary damages to water supply systems
by 1954 hurriocenes, New England-New lork Region

1954
State Auguste 21 September 11 =~ Qatober 16
Connectiout No damage No demage " No demage
' Maine _ $ 500 No demage No demage
Massechusetts : 195,000 $ 3,000  No demsge
New Hampshire 5,000 No damage No damage
New York No damage No demage No damage
Rhode Island _ 78,000  No damage No damage
- Vermont No damage No damage -  No damege

61. Seweragee = Hurriceme Carol caused & considerable emount
of damage to sewerage systems, particularly in Rhode Island and thé
Cape Cod area in Maasaohusetks.‘ F&oga waters caused the greatest
" amount of aam'ge by flooding treatment plants end pumping stations
neocessitating repairs to or replacement of motors, pumps, engines,
other equipment, switchboards, wiring and meterss Flood damage
also required the repair and oleaning §f buildings, treatment units
and sewerdge systens. There wes also minbr demage . reported for -

treatmsnt plants by wash from the heavy rain and wind damage to
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trees., A number of sewsrage systems in Maine were damaged and

one industrlal waste storage lagoon in.New Hampshire was washed
outs No damages to sewerage systems were reported from Conneoticut,
Vermont, or New Yorke |

62+ Monetary damages totalling §215,200 were reported for 12
sewerage systeﬁs in Rhode Island most of which ooccurred at the East
Providence sewage treatment plant. Five sewersage systems in
Massachusetts reported a total estimated damage of $153,900 and a
number of others reported minor dammge only which probably did not
exoeed_a total dollar loss of more than $5,000. Reports on monetary'
damaga fo sewsrage systems in Maine did not speeif'y which of ths
1954 hurricaﬁas caused the 1loss but the Maine Department of Nealth
and Welfare reports that the most damage ocourred during the Septe:ber
11 hurricane., On this basis, it is estimated that damage to sswerage
systems in Maine during Hurricane Carol probably did not exceed
$10,000¢ The loss resulting from the washout of the industriel waste
storage lagoon in New Hampshire was reported to be $35,000.

65; Maine and Massachusetts were the only two States repoiﬁing
damages to sewerage systems from Hurrioene Edna (September 11, 1954).
In Massachusétfs there was minor dsmage from heavy rains by flooding
sewerage systems and treatment works and the State Department of
Public Health estimates thet the total.losa in all communities
probably did not exceed $2,000, In Maine, where one center of the
storm étruok, damage to sewerage systemé_was more severe, including

broken sewer lines, collepse of trunk sewers, washouts, demege to
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outfall sewers by wave action, and the clopging and filling of a

large number of sewers and cabtch basins by sili end debris. A

total of 32 comuunities reported damages to éewerage systems from

Burricanes Cerol end Bdna, most of which were damaged by the latteors

A total monetary loss of ¥92,300 was reported for the two hurricanes

of which it is estimated that upproximetely 82,000 was caused by

Iarricane Edna on Septenber 1lla

6l None of the States reported dameges to sewerage systems

from Furricane Ilazel (Cotober 16, 1954)e A number of treatment

plents in New York had a temporary loss of power which probubly

did not rasult in eny divect monstary loss,

Table &8 swmmerizes

the monetery loss to sewerage systems caused by the hurricancs of

1954,
Table 88 - Summary of monetury danmges to sewerape systems
by 195l hurricanes, wew ﬁﬁglﬁnd~NEW'York'ﬁggizﬁfu"-
ECEN
State August 51 Saptembey 11 October &
(Carol) (Ldna) (Hazel)
Commecticut Negligible No dansge No demage
Maine $10,000 2/ #62,800 1/ Mo damuge
Massachusetts 153,900 2,000 2/ No denape
New Hanpshilre 35,000 Ho danmmge No damege
New York No demage Ho deuage No duuage
Rhode JIslend 215,200 fto damage No dame e
Vermont No demage lio demage No denmupe

‘l/ A total loss of $92,800 was reported for the two hurricenes
Aupust 31 end September 11, most of whioh wes caused by the

latters.

of

2/ HNo individual reports available but estimated by the Lepaertment
of Public lHealth not to exceed this amounts
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65 Communicetion wtilities. = The greatest damage to

communication utilities ococurred to the two major New England -
telephone compenies and their subsidlaries during Hurricanes
Cerol and Edna. Some 250,000 telephones were reported out of
gservice in Massachusetts, Rhode Island, New Hampshire and Maine.
By far the preponderant part of the damage was caused to poles

and lines, In north-central and western New York State, Hurricane

Hazel caused demages to communication urilities tovaling an

estimated $160,000, Customers affected by loss of telephone

service numbered 32,900, About half of this damage coourred in
the area of north«central New York centered on Syracusa,

66, Power utilitiese = It 18 estimated that demage to utility

gonerating plants, trensmission and distribution faollities im
New England and New York State 2/were in excess of 1l million

dollars and that during the three 195l hurricanes, almost L
ﬁillion customers were affeoted. Following Hurricanes Carol and
Edna, restorstion to service in the coastal areas varied from one

to ten deys, while that following Hazel required one to five days,

The location and routing of essential equipment and meterial to
repair or replace damaged facilities taxed the combined efforts

of utilities, manufaotursrs, jobbers and transportation channelse

i

2/ Inoludes portion of New York outside New Englend-New York
Ragion.
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674 The principal utilifiea affected by Hurricanes

Carol and Edna were those in the coastal arees of New England

and New York, Eighteen utilities in New England and four in

New York State furnished data on deamages from the three hurricanes,
ay New England, = The elghteen utilities, which |

furnished deta on Hurricenes Carol and Edna, including the few

affeoted by both these storms and also Hurricane Hazel, provﬁde

almost 90 percent of the peak load requirements of New Engiand.
‘be New Yorke = The four utilities which furnished

date on demages incurred in the 1954 hurriocenes supply over

90 percent of the peak loaq requirements of New York State.

67ee Analysis of the damage incurred in Hurricanes Carol

and Edne indicates that generating stetions were affected in only

a few instances, Trensmission lines were affected to only &
moderate degree in heavily struck arease Howev;er, distribution
circuits suffered heavily and it is estimated that over 85 peré
cent of total damapes and outages résulted from failure in this
branch of utility plent. Some of the very large utilities were
unable to breek down aqggrately_totg; dollar damages between
Hurricanes Carol end Edne inesmuch as the latter followed so
closely upon the former that repairs, and in meny instances
surveys of affected equipment, haed not beon completed before

esgentially the same work had to be carried out again,
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8e New England, « Totel reported dollar dameges
sustained by the 18 New England utilities as & result of the
three storms aggregated approximately #10,650,000, Although
Hurricane Edna caused in some instances more demage than Carol,
partioularly in parts of the State of Maina; the greatest outm
age of service to consumers and the maximum loss of load for
the entire group of eighiteen utilities ocourred immediately
after Garél had passed throughe This storm shut off about
1,750,000 customers aggregating nearly 1,760,0C0 :ilowatts of
non-ooinoident loads Tt is estimated that between l}, 500 and
5,000 distribution system poies required replacemeht or repair
in New England due to Carol and about 2,000 to 2,500 to Edna, The
tofél dollar demapge and esbimated customoers affected with an estimate

of the load dropped by States for the three hurricanes is shown in

Table 89.

Teble 89 - Direct damages, customers affected,
apd Toad dropped 195l hurricanes,
(18 utilities solicited comprising 90 percent
of New Ingland load)

New England=New York Region

Estimated Estimated

direot customers Estimated
State . - Adamagqg.gy/ af'fected load dropped
- : Number kw

Hurricane Carol

Connooticut § 475,500 213,000 332,000
Rhode Island  1,119,.00 258,000 321,000
Massachusetts 5,359,600 958,000 800,000
New Hampshire 658,500 _ 115,000 95,000
Mp.ine 720,000 210,000 207 ,000
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Table 89 - (Continued)

Estimated - Bstimated Estimate

State direct damages 1/  ocustomers affected load dropped.
Number Tkw
Hurriocans Edna
Comnecticut & 198,000 - 116,000 89,000
Rhode Island 261,600 101,000 102,000
Massachusetts 1,237,400 " 483,000 375,000
New Hampshire 151,500 36,000 31,000
Maine 380,000 145,000 138,000
Hurricane Hazel
Connecticut 98.100 59.500 53!000
Total $10,649,600 2,694,500 2,563,000

ib/ Indirect losses (powsr produotion and customer losses)
estinmated to be about $5,324,300.

be TNew York, = Total reported damages sustaineé by the
four New York utilities as a reéult of 1954 hurricanes aggregated
approximately $3,560,000, Although the hurricenes, Carol and Edna
affected principally Long Island, the Metropolitan Area of New York
City, Hurrioane Hazel ocaused considerable trouble in thils area and
in west oentral New York State, The maximum consumer outage for the
area served by the four utilities occurred with Hurricane Hazel when
720,000 oustomers were cut off and about 600,000 kilowatts of non-
coincldent load, In New Yérk the totéi number of distribtution poles
damaged or replaced was of the order of 350 to 400 in Carol, 256 to
300 in Edna, and 850 te 1000 in Hazel, Estimates of total dollar
damage and ocustomers ocut off for the three hurricanes with an estl-

mate of the leoad lost are shown in Table 8%a,
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Table 89a - Direct damages, customers affected, and load
dropped, 1954 Hurricanes, -
(4 utilities solicited comprising over 90 percent
of New York load)
Now FEngland-New York Reglon

Estimated Estimated
direct customers Estimated
State damages 1/ affected ~ load dropped
Number KW
' Hurricane Carol
New York $1,395,000 375,000 425,000
. _ Hurricane Edna -
New York KUk, 000 132,500 170,000
Hurricane Hazel .
New York 1,620,000 720,000 600,000 -
Totals $3,559,000 1,227,500 1,195,000

y Indirect losses (power production and cnstomer losses)
estimated to be about $1,779,500,.
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Table 83b - Hurricene damages to utilities in

~ Soastal oommunities of New bngland, 1954,

New England-New York. Region

Hurricans Carol

Municipal plants and -
Location utilities facilitlies transmission Total
Conneotiout § 115,000 $ 638,000 3§ 715,2 " § 1,166,250
Rhode Islamd 259,000 1,200,000 1 079,100 3,138,100
Magsachugsetts 492,000 5,100,000 039,100 13,631,100
New Hampshire - 675,000 .987 750 1 66r,750
Maine 20,000 900,000 1,080,000 2,000,000
Subtotel 886,000 $ 8,513,000  $12,499,500 $21,898,500
Hurricane Edna .
Comneotiout § 8,000 3 360,000 $ 297,000 $ 665,000
Rhode Island 33,000 1,200,000 377,400 1,610,100
Massachusebts 40,000 5,100,000 1,856,100 6,996,100
New Hampshire - 675,000 227,250 902,250
Maine 6,000 900,000 570,000 1,176,000
$ 87,000 $ 8,%25,000 $ 3,327,750 $11,649,750
Hurrlcane Hazél
Connecticut $ 147,150 $ 147,150
Totals § 973,000 $16,748,000  $15,97,400 $33,695,400

Cormunication

Private power i/

3/ Inoludes estimates of direct and indirect damage tor bhoth coastal

and interior areeas.
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68, Transportation fecilities. = Transportation facilities

;uffered from the effects of 195& hurricanas. The railroads wore
partioularly hard hit suffering total d&mages of more than #2,500,000,
with 9,995,000 in New England and the remainder in New York Statee
thhouts, loss of communication and switohing, and damage to bridges
and culverts, wers hesvy for the coastal lines. Some branch lines
romained out of sarvicé for extended periods but in geheral, main
lines were operating normally in less than one weeks, Airiinﬁa
suffered approximatély $3500,000 damage from Hﬁrficane Cardi. This
damage was principally to ground installations and aircraft.. Losé

of income, added persommel and operation costs accounted for only
- 25 percent of the total. Bus companies suffered relatively minor direot
_damages, most of their loss belng due to loss of patronage. Damages
to railroaﬁ_facilities in New England by state are givén in Tabla G90e

Table 90 - Damnzes to rallroad facllities

in New England from 195k hurricanes, 1/
WNew Ingland=New York Region

' " Hurricane Hurricane x

Location Carol Edne Total
- Connecticut $ 300,000 $ 15,000 $ 315,000
Rhode Island 525,000 : 15,000 - 540,000
Massachusetts 206,000 185,000 391,000
New Hampshire 69,000 : : 40,000 - C - 109,000
Maine 58,000 582,000 610,000
Totels 41,158,000 $ 837,000 31,995,000

5/ Contral Vermont Re Ra not inoluded
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69.' It is notable that the greatest damage to railroada
osourred in Maine during and following Hnrrioane Edna. This damage
resulted largely from'washouts induced by the heavy precipitation
which cocurred in Meine at the time of‘this storme

704 Military instellations, = Military instellations located

in southern New England suffered heavily, principally those which
ware subjected to tidal flooding, Others suffered relatively |
minor dgmaga such as loss of roofing, washout of roads and erosion
of fﬁhways, Thé‘Navy and Air Force wers well prepared for the
storms and utilized their own foreoast alert to send ships to sea
end to remove aifcra;i‘t to fielda oﬁtéide the damege ares prior to
the storm. Damages to miiitary instellations in New England are
‘included in the estimates of public damage given in Table B85,

Tle Commercial installations. - Damages to commerciaml installa-

tions include damage to the service industries; warshouses, stores,
restaurants, banks, and office buildings. Great damage to these
installations ocourred from the tidal flooding ocoasioned by
Hurricane Carols By far the largest loss occurred in the Providence,
Rhode Island aresa as fidal waters overflowed the commercial centér
of the oitys Cleanup of the city folloWing Hurricene Carol invoivad
the 'destruction of ebout 500,000 cases of cemned goods, LB freight
carloads of iruit and produce, presoription drugs and mediocines
valued at $300,000, 500,000 pounds of flour, 100,000 pounds of

meat, 10,000 pounds of fish, 5,000 cases of malt beverage, 15,000
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Waterfront property éamégé. ﬁggraganSett Pier,
Hurricane Carol. New England-New York Hegion.

Narragansett, Rhode Island.



cases of carbonabed beverages, snd 2,500 cases of liguor spiritse
In addition, stecks of shoss, dry goods, furniture and other items
were severely damaged or rendered worthless by the salt water.
Substantial dsmages cecurred to commercial establishments in sther
localities, the greater part of the demege being attributed to
£idsl fleodinge

72e The estimsted damoage to commercial instellations in Hew
Fnrland by political subdivision and by storm is given in Table 9l

Pable 91 = Lamares to comsercial installations

in Hew Enslend fraﬂ,hnrricgggﬁg 1961, ”AI
' Yow England=-Hew York Kegion

Hurricane Hurrisansg

Location Carol Edna Totel
fonneoticunt & 2,752,500 ¢ 1po,000 3 5,2&1,500
Rhode Island 101,589,000 Gyl ,000 1155 5%0,000
¥assashusetis 55063,000 539,000 5,602,000
New Hampshire 280,000 - 280,000
¥eine 317,000 197,000 511,000

Totals 4 53,001,500 $ 2,166,000 855,167,500

i/ Inoludes dsxezes bo commercial properties situated in coastel
comsunlitics onlye

T3s Of the above commerciel demwges suffered during the two
storms, $39,652,000 ocourred within the City of Frovidencs, ﬁhada‘
Islend, 31,5L5,000 at Newport, Rhode Island, 1,500,000 at New
Redford, Yassachusetis, and §1,%359,000 al Hew Lendon, Comnestisute
Thus, these four cities eccount for sbout 77 percent of the tsﬁ&l‘
sommerclal loss cocasionad by these storms in coastal areas of tha

ragione

XXXII=55



The Commerciel installations and industrial plents along
shore areas in Lonz Island, New York were also hit severely by
wind and water accompanying 195l hurricenes especially Hurricane
Carol, which produced damages to these comnercial installations of
an estimated 909,000, Hurricene Edna caused damages smount-
ing to $30,000, Estimates of commercial damage in the remainder
of the New York State portion of the region from Hurricane Hazel
are not available at this times

75¢ Industrial propertye = Some of the areas alon; the southemrn

coast of New England are highly developed for industrial purposes,
Manufacturing plants are concentrated in Stamford, Bridgeport,
New Haven, Norwalk, and Stomington in Connecticut, Westerly and
Providence, Rhode Island, and Fall River and New Bedford in
Massachusettse Those facilities situated adjacent to tidal waters
suffoerod tremendous losses particularly in the area east of New
Londone DBy far tne greatest concentration of damage occurred in
Providunce, RKhode Island, New Bedford, Massachusetts, and adjacent
arense These arecs were also emong those whore the tidal heights
(ebove meon high water) were the greetect, Damapecs to industriel
plants in coastal ereas of New Englend by states, are given in
Table 92 separately for each storme

T6e Seventy percent of the total industrial loes in coactael
aroas amounting to over {27,000,000, ococcurred in the Frovidence,

Phode Island, and the New Bedford, Massachuseits arease These
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Industrial property damage. Hurricane Carol. New Bedford, Massachusetts.
Mew England-New York Begion.



Teble 92 = Hurricene dsmeges to industrial plante
% Yew Engiand, 100l 1/
New Ingland-New York Region

Hurricene Hurriocane

Looation carol A2 Totel
Connecticut ¢ 5,339,000 3 205,000 8 5,5L,,000
Rhode Island 17,938,000 591,000 1,529,000
Messachuzotts 16,958,500 867,000 17,825,500
New Hampshire 99,000 21,000 120,000
Vaine 32,000 21,000 56,000

Totels $ 26,366,500 1,708,000 & 38,074,500

i/ Includes damages to industries situated in coastal communities onlye

losses were predomimently due to tidal flooding with almost 90 per=
cent of the industrisl cemape in these two ereos being attributed
to this cause alonoe

T7e Agriculturnl camegese = Agriculturnl damages, while geners

ally not as severe as other clesses of damage, were experienced in
varying degree throughout the Now Englend-New York Regione Agriocul=
tursl demeges sustained in the State of Maine from Hurricenses Carol

and Edna smounted to an estimated 310,000,000 Losses in Massachusetts
from the same two storms, lergely from destruction of orops, amounted
to 36,6810,000¢ The loss in New Y-rk State from 195l Hurrioctnes wes
sstimated to be §5,10L4,000, prims -ily in damages to farm bulldingse
Total demages Por the reglon emounted to an estimated §20,285,1004
Table 93 sunmarizes 195l hurricane damages throughout the region

by type of demege for each state. The classes of sgricultural

dsmage resulting from hurricenes are as followss
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a8, Homes and buildings, = For the most part, damsges

were oonfined to roofs end structurally weak buildingse An ex=
ception was the loss of poultry houses which were bodily removed.
A number of silos wars blown over or put out of use. In most
instences of silo loss the structures were weak and the hurricans
simply speeded up the task of replacemente Entire bulldings were
removed in some areas, partioculsrly in Rhode Islend and a few cther
hard hit seotions,

b. Machinery, - Relatively little damage to machines
was reported. This would be expected in view of the relatively
minor building damage, and the few buildings entirely destroyed.

c. Orchardse = Damage to the 1954 apple crop was heavy,
up to 65 percent of apples on the tree (most McIntosh veriety)
being blown to the ground. Releatively few of the wind-blown apples
could be sold as grade one fruit, Also, & small percentage was
too immature for any use, Most of the remeining wind-blown apples
were sold for local use or were converted into cider. Efforte of
the local food stores to msrket the apples were very success-
ful, and were & very important factor in keeping losses to a
minimum. Apples remaining on the trees suffered some damage
from winds, but many of them made additional growth and produced
a higher than average proportion of grade one fruit. Relatively

few trees were blown down or destroyed,
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de Tobnccoe = Demage to unharvested tobacco in Massaohussotts
and Comnecticut was highe About 10 percent of the open field orop
hed not been harvested at hurricene time, and shout half of this
was completely loste Losses to shade tobacco growers in Conneoti=
cut were haavye. About 15 percent of the crop was nol harvested
at time of hurricene, and at least half of this was left velue-
lesse Most of the shade tobaecco cloth had no salvoge value because
of teoringe Comment from the field was that the tobacco oloth in
195), was of poorer quality than usual, and doubt was oxpressed
whother the cloth would have had any salvege even without hurricane
demnpee

0e Other cropse = Heavy rains in connection with the

o v st g 7

hurricanes caused soms delay in harvesting operations because of wet
1end conditionse They also contributed to spread and inorease in
severity of lste potato blighte Washing of soil uncovered significent
quentities of potetoes, leaving them exposed to the sun, whioh re=-
sulted in loss of salabilitye. Extra costs for harvesting silage
corn wore cited because the corn was partially blown down, and in
more than one directione fThore was considereble loss of quelity in
the late sweel corm crop in Maine, snd a portion of the crop was
considered wnfit to harveste Grmving conditions prior to the hurri-
cone had been relatively unfavorable, end the quality of crop was
definitely belcw averagee Totailed costs representing the above

crop items and factors are not availebles It is apparent, howover,
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that the direct snd indirect damages and costs wers of comsiderable
magnitude.

fo Livestock and fowl, = Losses of livestock, except

poultry, were of small conssquence. In several imstances poultry
houses were blown away, When this happened, birds were killed
immediately or were scattered or lost. Some recovery was possible,
Highway oconditions resulting from heavy reins in the State of Maine
prevented hauling of poultry food and the reguler marketing of

eggs and broilers,

ge Forests and lumbere = In general, there was less

timber blown down than in the 1938 hurricenme. Local exceptions
to this ooocurred, however, and in many locations salvege operations
wore givem first prioritye. Blown timber is reported to be worth
some four dollars per thousend board feet less than standing
timber, and the damage estimates wers made on that tasis., Blow=
down of all types of trees oreated a removal problem on fire-access
roads,

78+ Foodstuffse = Hurricane Carol was responsible for a dollar
loss of foodstuffs of approximately $6,700,000, This resulted large-
ly from tidal flooding @=ud loss of power at food establishments and
private homes with the largest losses being incurred at Providenoce
and other waterfront areas in Rhode Island. In all, 2,323 food

establishments of all ocategories in Rhode Island were reported t¢
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‘Table 97 = Swmmery of sgriculiurel damages from 125l hurriceanes,

Hew Englend-liew York Hegion

Type of Deamage

State 3 |
t Buildings Equipment rope Livestock Timber 2/ =~ Other Total
Kaine - ' - . - - - =  $10,000,000
New Hampshi}e 3/ $1,568,500 $.11,ooo $566,3oo $29,500  $186,500  $106,500 2,168,300
Vernont iOO »000 103,000
Nassachusetts 1,100,000 - 5,500,000 = 210,000 - 6,840,000
Rhode Islend 716,100 29,800 1,1%3,800 22,100 - - 1,911,800
Comecticut - 20,000 2,841,000 - - - 2,861,000
Few York 11,605,500 99,500  17%,000 121,000 102,000 = = 5,101;,000
TOTAL $8,090,000  $160,300 $10,2111,100 $508,500  $106,500 § 29,285,100

$185, 600

y No damages reported from Cai‘roll, Cheshire and Coos Countiese

2/ Represents net loss figure based on salvagesble veluess



have suffered loss of roddstuffs by sﬁoilage or 00ntaﬁination with
8 total doller loss of $3,1L5,825. In addition to losses at food
establishments, it wes estimated thet approximetely $2,000,000
worth of food iﬁ privete homes was last due to extended power
failure, most by spoillage of frozen foods stored in hoﬁe

freezerss In Hassaohusetis hurrioahe dawages to foodstuffs were
confined prinocipally to the eastern part of the State, with most
oocurring in the Cepe Cod arens Approximately 1,500 food establishe
‘ments in Massechusetts lost foodstuffs having a doller value estiw
mated to be $1,200,000.‘ The value of foods lost in homes due fo
power fallure probebly did not exceed {100,000,

T9e¢ In Connecticut the greatest damege to foodstuffs was
caused to food eétnbiiéhmantd in those areas:bofdering the weter-
front from Brenford eest to the Stat;.line, ﬁith the greatest
demepe ocourring in the New Londoanroton-Stonington aereas 1t is
estimated that 100 food_establishments in Connecticut lost foods
from hurricene demege that hed e dollar value of epproximately
50,0000, Maine and New Hampshire had little loss of foods due to
Hurricane Carole Tﬁa vaiue of foode lost was cesused by damage to
45,000 in each State. Most of this loss was caused by demage to
food in homes due to temporary power failure, Damage to foodstuffs
in Vermont was reported to be insufficient to note;

80¢ Foodstuff losses in the New England-New York Reglon caused

by Hurrioanes Edna and Hazel were reported to be negligible.
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8le Drug esteblishmentse = Drug esteblishments suffered

& large loss from demages to medicines and related products caused
by Hurricane Carole Deamage to drug establishments was greatest
in Rhode Islend where e totel of 26 esteblishments of all types

(reteil, wholesale and menufacturing) reported losses, 16 of

“these esteblishments being in Providences The total dollar

loss to drug esteblishments in Rhode Islend was reported to be
$523,000s In Massachusetts eight drug establishments, mostly
on Cape Cod, reported losses estimsted at $200,000 from dameges
ceused by Hurricane Carols Along the waterfront in eestern
Connecticut six drug esteblishments reported hurricane damages to .
stocks that resulted in a dollar loss estimated not to have_exn
ceeded §50,000«¢ In all the other States im the region the damsges
to drug esteblishments by Hurricane Garol were reported to be. very
minors

824 losses to drug esteblishments oaused by the Hurricane
Edna and Hazel were reported to be negligible,

8%e¢ Fitheries and wildlifee ~ In addltion to the demages

to fishing vessels, the fishing industry suffered a severe blow
through the destruction of docks, buildings, plants, nets, traps,
pots, and other gears The loss of stooks of fish and shellfisk on
hand end the unemployment of both men and equipment alsc resulted

in great economic losses to the industrye
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8&._ In Bhode Island the most serlous demege resulted from the
temporary loss of the Point Judith Fishermsnts Cooperative dehydreting
plente Damages to buildings end aqgipmant plus ‘the losses of wages
end profits during the period tne plent was out of operation totaled
mor e then $300,000, The Shellfish Compeny at Wickford suffered an
estimated loss of $60,000e The pound net fishery of Rhode Islend
was completely wiped out with an estimeted loss of §90,000, The
lobeter fishery lost en estimated §48,500 in pots, lines, and gears
A similer loss to the shellfishery was placed &t about 31,2000 The
losses to the commerciel fishery in Rhode Island totaled $830,L00,

85 In Proyinoetbwn, Messachusette, the traps or pound nets
were more extensively demaged than traps or pound nets in eny other
port in the States Twenty-five nets with e totel estimated value
of $107,000 were loste Eight nmets at North Truro and one net at
Sandwich were destroyede These nets were estimated to be worth
sbout $31,000s In addition, the loss resulting from these treps
being out of water was estimated to be $20,000 per week for the
months of September and Octobers

86e At New Bedford, six dealers suffered from abrnormally high
tides resulting in destruction to their shore esteblishmentse In
‘addition three marine railways suffered considerable damage. The
total estimated demage in New Bedford was $311,000. The production
loss in this port was estimated at $11,600, The total fishing
dumages in Massachusetts, not including dameges to fishing vessels,

were estimated at §$769,000,
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87¢ In Comnectiocut, demeges to commercisl fishing gear and nets
were estimated to total over 157,500, No datﬁ are availeble as to
losses caused by unemployment of boats, gear, and fishermene |

88 Dameges to fishing gear in Maine were extremely heavys
According to the estimeotes, Hurricame Carol caused a loss of £770,000
to traps and weirs, a loss of §100,000 in live lobsters which were
stored ewaiting shipment and 330,000 in demeges to miscellansous
itemso Hurricane Edna which struck the eastern section of the coast,
caused demages estimated at $900,000 to treps, weirs and other gears
The loss of live, stored lobsters was estimated at 3100,C00 and
miscellaneous damages, largely the result of heavy rains, were esti-
mated at 50,000 Totel losses in HMaine were over $2,000,0004

89¢ In New Hempshire, the lose in traps and other gear wes esti=
mated at §2%0,000e This represents about 25 percent of the total of
all oommercial fishing gear in the Stalee

90s No data are aveilable as to the effects of hurricenes on
fish stocks or the fishing growndss. All indlcations are, however,
that 1little if any demage occurred.

9le There was little over-all loss to shellfish aress as a re-
sult of the hurricsnes., Disruption of sewerage systems during Hurriocane
Carol in Rhode Islend resulted in the closure of a total of 11,000
@ores of shellfish beds for periods of three to five weeks, Disruption
of a pumping stetion at New Bedford, liassachusetis caused the overflow

of raw sewage which resulted in the oclosure of enother shelifish area,
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loceliged areas, where bottom conditione allowed sapd to be washed
roadily, suffered some damage but the totals, both moresges end
losses, are unknowne Considerable destruction of bay scallops,
both seed and adult, occurred in the aree at the head of Buzzards
Bey in Messachusettss Demnge was also reported to oyster and
quahog, g'rants in the same general arees and in the Town of Falmouthe
The estimated totel losses in both aress would exceed $75,0004

92¢ Of some importance in regerd to the fisheries wes the effeot
‘of hurricanes on the activities allied with the commerclal fisheries.
The research activities of both State and Federal agencies were hems
pered and, in some osses, set baék for a lopg period of times. Research
facilities of the Fish and Wildlife Service suffered estimated damages
of over §5,000, No date are aveileble for State marine faollitiese
The princips) demage to inlend fresh-wveter facilities was due to the
floods accompenying the hurricanes with lesser damege from windse

934 The only data aveilable in regard to State fish hatcherles
are those reported in Maine, Eleven of these unlite were damaged to
some extent with the total loss estimated at $14,,0000 Extensive
damege ocourred to the boat liveries and .oharter -and party boats which
cater to the marine sport fishermens No total demage figures are
availeble, but it is known that most of tho boat liveries lost & good
shere of their rental boats, in one case 29 out of 30, and buildings and

docks were extenslvely damaged. One case was noted where
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a bait and tackle shop was completely destroyed with a totel loss
of over $15,0006

Olie Hurricene demsge to wildlife was not extensivee Although
wildlife food supplies were damaged to & considerable extent, with
up to 75,perc¢ent loss on the five National Wildlife Refuges in the -
region, no lasting effects were notede Most of the demage Yo dems,
dikes, roads, and trails on wildlife menagement areas was caused by
floodse 1In addition, silting of aquatic foods was noted in such
waterfowl concentration points as lerrymeeting Bay, Maine, and in
Narragensett Bay, Rhode Islande No estimete of total damaeges to
wildlife is available at this times |

95s Demage to privete and personal propertye. = The damage sus=

teined by private and personal property in hurricanes is widespread,
sorious, and very difficult to estimate in its full extent, In in-
numerable cases, such damage_is probably sufficiently minor to escape
being reported or being observed by investigators; and in cother cases,
as in the damage done to personal effeets in the flooding of ceilars,
for example, it is impossible to evaluate losses in monetary termse

In goeneral, major private property damage mey be olassified under three
headings; that occurring to howes and fixbures; that occurring to auto~
mobiles; and that ocourring to troes and shrubbery., DPestruction of
homes is greatest in constal areas which are subject to tidal floodlng,
for in these areas large numbere of homes are ocompletely demolished by
the extreme tides, and many more inevitably suffer highly serious water

damage; as well as damage from winds In interior areas, however,
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- probably few houses escaped some minor damege oonsisting of the loss
of shingles, soreens, porches, or other loosely attached fixtures.
Similarly, damsge to automobiles is overwhelmingly greatest in these
areas subject to flooding, where large numbers of automobiles are
inundatqd. In all areas, however, automobiles are wvulnerable to
flying debris end falling trees, suffering damages varying from
minor dents to aimost oomplete demolition. In all areas, trees,
shrubs and other plants suffer severelyes The high winds of hurricane
force uproot thousands of trees, demsge many more severoly, and
destroy shrubs and smaller plants,

96; ﬁestrucfion of private property in Rurriocane Caroel was
greatest in coastal aroas subject to tidal flooding, and damage was
greatest along the southern New England coasts The Narragansett
Bey area.in Rhode Tsland, and the cocast of Mhﬁsaphusetté between Wosbn
port and the Capo Cod Caﬁal recelved the most oﬁnoantrated damege, In
aoma oommunitiég along the shorefront, roads and cotiages wore almost
totally dgstroyéd for the socond time in 16 years, having undergone
similar destructive attack im 1938. In many shore areas, automdﬁiles
suffered exienaive damagejfroﬁ.both wind blown debris and waters
Although less extensive in inland areas, dameges were
‘gevere both to homes and to automobiles, and in both coastel end
inland areas trees, shrubs and plants suffered considerably from
high windse

97« The destruction of homes in Hurrieane Carol wes staggeringe
Uncounted oottages and othor structures were demolished by the

accompenying flood with only plles of rubble left, Cotbages nearest
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Residential property damage. Wareham, Messachusetts. Hurricane Carol.

New England-New York Begion.
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the water wors generally smashed to plescss, or lifted bodily from thelr
foundations and hurlsd egainst solitages Yo the rear. In some osasges,
the wind depolishe? bulldings prior to the onslaught of the tidal
flood, Further inland and beyond the reach of the tide, the wind
ripped off soresns, doors, roef coverings, shutters, end almost every
other lesze objecte In all arems, sither as & rosult of tidel floods
ing or to a lesser extent ms A result of iwrrential raims, thousends
of cellers wers flooded with comsequent demsge o heatlng systems
and to persomal sffeotse Tidal ficoding scoounted for the greatest
proportion of destruction. Hven well-constructed housss were unable
to withstand the foroe of ithe waves. Huildings situated in protected
locations but within reach of the water suffered extrems damage &8s e
galt water roge sbove floor level,

98¢ ‘the extent and type of dsmage is indicaied by the early
reports of demege inm Rhode Islend, where 620 single houmss were sati-
moted to have been destroyed, 888 to have suffered msjor demages, and
over 1,000 to have suffered minmor dsmapges. Similar early estimates
in Massschusetts indicated almost 500 buildings destroyed, slighily
more suffering mejor damages, and over 2,600 suffering minor Jaumspes,
Representative of demsge occurring to homes along the Commscticul
soast is the extensive demmpge to trasilers, tents, and other portuble
houses at Hanmonsaset Beachj destruction at Westbrook apd Old Zaybrook
where the tide floated mway some 20 to 30 cottsges in sach towng in
Bast Lyme, where the sea ripped the fronts off a dozen houses, and

tore off both fromt snd rear of some othersy and st Stoningtom where
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zost of the 150 sollsgzes were dewaged, some 28 of then belng demplishede
In Bhode Island, whers destruobion wus grestest, oxmuples of the degree
sf dsmage were found st Misguemloub whers in Two siles of beach only

four of 200 ootbages veuwalned uprights in South Kingston, whers sous

370 nobtages wers reporbed destroyed and betwesn 1,000 snd 1,100 dame
ageds ot Nerraganmseii, where 212 were destroysd 2nd ever 500 more dame
ageds snd at Tiverbon, whero four homes were washed swsy and 50 more
bvadly demageds In Massachusstis, destruotion was most siaggering in
the Buzzards Bay arsa, At Fairhaven, some 130 ocbisgss and Z5 hounag
ware wrasked beyond repair and 200 or more were damaged, with ihe
hardest hit areas bsing at Scontiout Heol snd West Tsland, Al
¥attapoisett, 300 swuzer homes were roported demolished and 300 more
seriously damezed, AL Warsham, Bourne, and Falmouth likewise, de=
struoklon was excaptionally great, some 363 cotisges being destroyed
and 600 more damnged at Warsham alonoe

99, As with other types of properbty, demege to motor vshloles
wee due principslly to tidel floodinge Although a large number of
autonobliles wers desbroysd by £alling trees, this was imsignificant
oompsred with the thousands of vehlcles demaged or destroyud by tidel
fioodings Hurricans Carol resached the geast&l~ar@& of southern Hew
England in the morning after most commuters had perked thelr auto=
mobiless In Providsnoe alone over 5,000 vehicles were reported Yo

have beon affsctad by tids)l floodinge Mony others sulfered damsge
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Private property damage. Crescent Beach, Mattapoisett, Massachusetis. Hurricane Carol.
New England-New York Region.
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at other coastal cities and towns when they were trapped in tidal wmlerse
No oomplste estimstes of damage to mobor vehicles ars aviailablee

100, Privately-owned trees and shrubs suffered wind damege compaershble
to similar demsge on publicly=owned land, but estimates are far frow
being a1l inclusivee Privately-owned forest lands reccived extensive

demege but no estimates of damage are included in the summsry presonted

in Table 9Le
Teble 9l - Private property damege from
1954 hurricanes in New Fngland, 1/
New England-New York lLegion
Hurricane Hurricene
Location Carol Edpa Total
Comecticut 3,212,000 2,687,000 15,929,000
Rhode Island 13,913,000 1,616,000 15,529,000
Massachusetts 23,015,000 1,3),3,000 2]}, 558,000
New Hempshire 9514,000 22,000 976,000
¥nine 580,000 217,000 797,000
Totals $51a70)~l:m0 $5,885,000 3'570 589,000

é/ Includes damages to private and personal property within coastal
comnunities onlye
101, Private property in coastal areas of Long Island, New York
also suffered large losses as a result of Hurrioane Cerol snd Ednae
Hurricone Carol vhich caused demnges to private property at an esti=
mated 81,977,000 was particularly devastatinge Residentisl property
dameze from Hurricane Edna emounted to about 310,,,000e Residential

end ocommercial property damsges in the New York Stete portion of tha

- repion resulting from Hurricene Hazel smounted tc en estimated

$2,1L0.000. More than 85 percent of these daunges ooccuriyed in ths

XKXII=T],



north-central arcs of the State centered on Syrscusc, Propeity damags
in New Englend resulting from Hurricene Hazel was less than $100,000,
Totel demsges on Long Island resulting from Hurricane Hegzel were an
estimated $125,000,

102, Fmployment lossese ~ The losses from unamploywent in New

Englend heve besn inocluded where possible in the approprists dssags
figures, Estimates Uy Stautes of the employment time lost by workers
as & result of Hurricenes Carol and Edna are as follows:s 1,500
workers displaced for an average duration of 16,2 days in Connecticuty
50,000 employees displaced for an average duration of 5 days 1n Rhode
Islandg 30,000 employees displaced for an average of 3 days iﬁ Magsa-
chusettsg 155,000 unemployed for a period of less than 1 day in New
Hempshireg and 10,000 employees displaced for an averags of ome and

ope-half days in Maine,
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103, Interior river flood demages, - Reinfall accompanying Hur-

ricones Carol and Fdna caused substantisl flood dameges in New England,
with Maine and Massachusctts suffering most heavily, Virtunally all

such flood damege occurred during and after Hurricane Fdna, although the
rains of Hurricane Cerol rad helped to set the stage., Hurricane Carol,
passing close to Provldsnce, thence northward approximetely betwean
Worcester and Boston, contributed from two to four and one-half inches
of rain throuszhout New Bugland from early morning through afternoon,
with the heaviest fall recorded in southern New Hampshire, ©These reins
causod minor to moderste rises in the flow of tribuisry streams on
Avgust 31 and September 1, Resultant dsmsges were minor, but ground
water levels were ralsed, Following Hurricene Carol, loc2l and genersl
rains September 3, 6, 7, 8, and 9 further reissd ground water levels to
get the stege for Hurricane Hdna, FPlates 69 and 70 show characteristics
of rainfall in Hurricenes Carol and Edna,

104, Hurricane Hazel caused sone minor flooding in the extreme
western portion of the region, Rains accompanying Hurricane Fdna on
September 11, between early morning snd early evening averaged about
four inches in the six-state ares snd varied from over sight inches along
the eactern coastline between the mouth of the Merrimack and Preswipscot
RKivers tc less than two inches ov:r Vermont, The total rainfall in Maine
was reported the heaviest in 58 years, Sharp rises in streemilow and
river stage occurred during the mu.rning of September 11l as the torrential
rains poured down upon ground alréaﬁy conditionsd for & high rate of run-
off, As a consequence, serious flooding followed in many of Maine's
Rivers and tributery streams; in the ¥xeter River end the Merrimeck River
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Basin in New Hempshirej in the Sudbury, Assabet, Mystio, ¥alden, and
Westfield Rivers in Massachusetts; the Blackstone River in Rhode
Island; end the Thamss in Conneoticute In addition, many localities
in all New England States suffered severely from flooding of low=1lying
areas, and from the flocding caused when sewsr systems already clogged
by debris, were incapeble of discharging the heavy run=0ffe

105, No detailed estimates of monetary damage osused by the high
run-off of Hurricane BEdna are availables A summary of representative
flood conditions and accompanying demages in the various New England
States, however, will provide a general picture of the extent and
seriousness of the effects. A summary by States follows:

a. Maine. - lMaine was more seriously damaged by river flood=
ing during Hurricane Edna than any other New England State. All major
rivers were swollen and flash flooding occurred on tributary and minor
streamse Road and rail washouts, flooded roads, fields and residential
arsas were ocommon throughout the states The raging river torrents
smashed bridges and caused sxtensive damage to comizroial and industrial
properties. Culverts and bridge abutments, many of them built of massive
stope in the last century, were broken and washed downstream making high-
ways and railroads; impassable. In addition, storm sewsrs, some inade-
quate and others blocked by debris, were not capable of ocarrying off the
torrential rains and overflowede The cellars of thousands of homes wers
floodeds Eight deaths, all due to drowning, were reportede The following

desoriptions are representative of the type and extent of damage oausedi
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(1) On the Kennebec River 140,000 cords of pulpwood were
carried downstraam when booms at Winslow gave waye. The river was later
cloged to navigation while lumber crews completed salvage operationse
Crews managed to salvage substantial quantitiss of pulpwood from as far
away as Old Orchard Beach, although a grsat deal washed.;ut to sea.

Sandy Stream, in flood et Unity, ocaused the loss of three livesge Ab
3kcwhegan, the normal flow of 3,500 cubioc feet per second jumped to
62,000 cefese on September 12, and the river was reported 20 feet above
normel at Augusta. Commercial establishments and homes at‘Watervil;e,
Augpusta, Hallowell, Gardiner, and Richmond were evacuated and valuables
moved to upper levels. Large storage reservolrs at Flegstalfl leke and
Moosehead Lake were nearly full and consequently were only slightly
benaficial in réducing river stapes.

(2) In the Androscoggin Basin, the Little Androscogpgin
River overflowed its banks, olosing the Lewiston~Portland road, ITribu-
'tary stroams caused widespread local flooding,

(3) The Penobscot River crested at West ZEnfield on
September 13 at a stage of 15.85, representing a flow of ThaT00 Gefese,
or about half the discharge recorded in the flood of May\l; 1923.

-'(h) The Presumps ot River caused flooding at the Riverton
Bridge connecting Por#land and W.stbrooke Although usually a narrow river
at this point, the river flooded meadows a quarter of a mile wide causing
thousands of dollars damsge to farming equipment. Stock and machinery in
an industrial egtablishmsnt wore soaked and silt laden. In Portland, s

reteining wall at the Munjoy Hill Reservoir of the Portland Water Dis~
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trict was weakened by the pounding rains and the ressrvoir was drained
as a precauntionary measure fo avold a repetition of a failure which
occurred in 1893,

- (5) At York and 01d Orchard Beaches, lowlands behind
the beaches were flooded because ﬁany of the dtorm sewers were inade-
quate and because the higher than normal tides baocked up into storm sewsrs
having ocean outfallss The Town of Pownal wes virtually isclated as 1
bridges were washed out on maln and secondary roadse

be New Hampshires = Though less seriously affected than Maine,

New Hampshire suffered some flood damage in Hurricane Ednas The most
sarious damage ocourred on the Exeler River and in the upstream tribu=-
taries of the Merrimack River Basine Brief descriptions of general dam-
age in these areas follow. _ _

(1) The flooding Exeter River forced evacuation of 40O
persons early in the morning of September 12. Later in ths day, the
breaching of West Brentwood Dam, 11 miles up river [rom Exeter, at Kings-
ton, threatensd faillure of the Pickpocket Dam, just above Exeter. Flood-
waters affected Linden Street, Ball Avenuve, lower Court Street and Craw.-l

ford Strset where the water was three feet deep in first floor apartments.
- There was minor flooding of the Androscoggin River in the White Mountain
Town of Milan,

(2} HIn the. Merrimack River Basin there was flooding on
the upstream tributaries., The most serious flooding occurred in the area
above Plymouth, New Hampshire, on the Baker and Pemigewasset Rivers,

where Routes25 and 10l were closed and people were evacuated from low
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areass Although peak inflow was 25,000 cefese into Franklin Falls
Reservoir,.outflow from the reservoir did not excead 16,000 cefe8e
end during the peak of the downstream flood the outflow was reduced
to 10,000 c.fese The combined effect of The Franklin Falls and Blaoke-
watay Reservoiré kept flows at Concord, New Hampshire below daﬁaging
stage.‘ The Edward MacDowsll Reservoir was operated to prevent loocal
flooding in the Peterborough areas. (See Plates 71, 72, and 73)e
(3) Elsewhere in the state, Hurricane Edna caused damage

to highways and rail lines. Surry Mountain Reservoir was operated %o
reduce stages of the Ashuelot River through Keens. The Taylor River_over-
fiowed and out traffic on the New Hampshire Turnpike.{(SeérPlate'Tu).

ce Vermonte = Flooding caused by the rains of Hurricane Edna
in Vermont was minor in character. Soms fransportaﬁion facilities were
disrupted dvue to road washouts and localized floodings Union Village -

Reservoir on the Ompompanoosue River was operated to reduce downstrean

stagess (Ses Plate 75),

de Massochusettse =~ The rainfall of Hurrioéne Edna caused
millions of dollars of damage to llassachusetts homes, business properties,
automobiles end transportation facilities. Flood water run-off built up
in low spots'where drains were blocked with leaves froﬁ fﬁllen frees and
other storm debris. Ponds and rivers overflowed their banks bringing
damage to places which never before had suffefed such damage. Representa-
tive damages are described below.

(1) Flooding in the Sudbury and Aséabet Rivers, tribu-

tariss forming the Concord River, forced some femilies from their homes
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and inundated low-lying fields.: The_Sudbpry River flooded cellars
and made some riverbank roads impassable in Framingham, Weylend and
Sudbury. In Framingham, where the water level was 15 feet above

- normal et one point, 50 femilies were made temporarily homeless and
up to 1,000 homsé had floodad.cellaré. Union Avenue and sids st?aets
were flooded. Hard hit were the lower-level storeszprShoppers' |
World, Dennison Manufacturing Company, Hogman Rubber Company and the
- Roxbury Carpet Companye In the Saxonville section, School Street
wag undén several fegt of water. In Weyland, 15 homgs in the Lee
Road area were cub off whep 8 clbgged culvert under the Old Post

Roed fldodbd the neighborhood to a depth of'about five fest« About

50 Billerica residents were forced to.veoate their homes when the

~ Conecord River overflowed in the Flslie Aveﬁﬁe and Quéehsland sections,
ALl told, dahsges were estimated to be close to $600,000 in- the
Concord Kiver watershed. ) v
(2) Arlington had trouble from overflow of the Upper
Mystic Lakes exid the Arlington Reservoir. In ths’ﬂighlands section,
Mill Brook, fed by Arlington Reservoir, flooded the town garage and
scores of business establishments and houses in the vicinity of

* Brattle Streets A 6-foot section of the street wes washed away,

and six families Were evacusteds

(3) In Medford, manylhouses isuffered.water damage when the
Mystic River went 6ver its banks but greatest losses ocourred from over=
flowing stoyrm draivs and brookse In Melden and Everett, the ovefflowing
of the Malden River flooded cellars., Ispwich had three blooks under wﬁter

with water three feet deep over the municipal parking lote Numerous other
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Legend: Rain I, Snow ,Mixed B3
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Legend: Rain Sl , Snow ,Mixed X3
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stroets wefe flooded by heavy rains which ceused Farley Brook to over-

flow its banks, In Boston, celler floocding ywas widespread, Heavy run-off

gollected on Storrow Dirve blocking traffic wniil restored power permitted

pumping, The Worcester Turnpike was impasssble in several places, mostly

et underpasses,

(4) In the Comnecticut River Basin, run-off wes insig-

nificant except on the Westfield River, on which there was ninor flooding

in the lowlands of thé Town of Westfield, caunsed by the local flow from

the uncontrelled area below Knightville Dam, During the time the gates

at Enightville were completely closed, the stage st the gage in the lower

end of Westfield reached 13,1 feet, & reduction in stage of 3,7 feet be-
low the stage of 16,8 feet that would lave ﬁeen reached under natural
eonditions, The stage where damesge beging in the town is sbout lh,5 fest,
or 2.3 feet less than the peak stage wonld have been, representing damage
prevention‘of about $50,000, Birch Hill and Tully Reservoirs were also
operated to lower downstream stages on the Millers River, (See Plafes
76, 77, =nd T8).

e, AHRhode Island, - Rhode Island, though considerably less

seriously hit by Hurrlcane Edna than by Hurricane Carol, suffered its
share of flooding in the gecond storm, Major damage in the state re-
gulted from ciogged and lnadequate sewer:systems and from the overflow-
ing of the Blackstone Rifer. Providence .and meny other cilties and towns
found sewer gystems unable to teke the tremendous dowmpour of Hurriceane
Edne, This condition was complicafed by leaves and other debris block-
ing catch basinar Roads were flooded in many low-lying areas but wash-
outs for the most part were minor, The New York, New Haven and Hartford
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Railroad had minof'washouts whioh were quickly reéairad. |

(1) The Blackstone River floodad.residential, commercial
and industrial prbpertieé throughbut its'lenéth. It reached flood stages
durihg September 12 and osused flooding:to basements of mills in Woon=-
sookets It is estimated that stages at Woonsooket were four to five feet
below those ocourring during pést record floodse Two tributaries, the
Peters and Mills Rivers, contributed heevily to flow in the Blackstone
which overflowed its banks in the Social District (Sccial Street) of Woon-
“sockets The Masurel Worsted Mills and the Woonsocket Plant of the Us S.
Rubber. Company wére foroed to close down for two eight-hour éhifﬁs. The
Harrls Pond section had several feet of water flooding the ogllars of
hones.

A Connecticut.‘- In Comnnecticut, the rains that acocompanied

Hurricane Edne caused damages paralleling thosé of Rhode Island and
eastern Mhssachusetfs. Major rainfall occcurred in the eastern seotions
of the state and diminished in ihtensity in a westefly direction. Low-
lands, cities and towns were flooded as the downpours plled up on clogged.
catch basins and restricted oculverts.

(1) In the Thames Rivef Basin, the effecﬁs of Mansfield
Hollow Reservoir reduced the river level six feet in the Natchaug River
area, and by two feet in the lower end of the Shetucket River in Norwich,
proventing estimated dameages of-$100,000, The Mansfield Hollow gates
| wers olosed during the flood end the reservoir pool reéched 31le% feet,
the highest elevation attained since the dam was pleced in operation iﬁ

March 1952, Table 95 summarizes the reservoir regulation at Mensfield
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Legend: Rain ll, Snow ,Mixed B22
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Legend: Rain @, Snow ,Mixed BB
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Table 95 -~ Summary of reservoir reguletion in New Englend, Hurricane Edna,
New England-lew York Region

Computed Reguleted outflow

Drainage Totel ﬁaximum peak miniram  maximm Storsge used
area precips pool infiow regulated reguleted acre percentage
Reseryoir 5Qe Irie inches stepe date Cefese Cefass cefese feet of +total
CONNECTICUT RIVER BASIY
Union Village 126 2.21 318 9/12 1,000 o 1,1C0 800 2
Surry ountain ico 355 18,6 9/13 1,700 0. 700 2,400 7
Bireh Hill 175 2.75 11.1 9/13 1,300 0 1,300 3,000 6
Tully 50 2.8 10.0 9/13 Loo ) 300 500 2
Knightville 142 3470 66,9  9/12 8,000 0 32000 8,600 i3
MERRINACK RIVER BASIN
Edward MaoDowail L 3.15 12.8 9/13 550 0 300 1,200 10
Blaockwater 128 3425  23.9  9/13 1,000 0 1,600 - 3,000 7
Tranklin Falls 1,000 3.00 30,8 9/13 27,000 10,000 16,000 24,000 15

THAMES RIVER BASIN

Mensfield Hollow 159 he25 313 9/13 7,800 0 2,500 12,200 =i
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Table 06 - Summary of demages by state for
1954 hurricanes, new England — Few York Region

See footnote 1/ -
Harricane Eurricane Enrricane Combination 2/

State Carol Edna . Hasel of storms fotal
Connecticut $ 28,168,750 $ 4,766,000 $ 147,150 $ 3,018,500 $ 36,100,400
Rhode Island 67,965,900 | 5,672,1:,00 2,742,200 106, 380, 500
r.:gssacmsetts . 92,992,900 10,887,100 7,609,000 111,489,000
New Hampshire 2,128,750' 1,369,2% 2,498, 300 7,996,300
Maine 5,675,000 8,756,000 10,000,000 al, 431,000
Vermont 100,000 100,000
New York 6,312,500 1,296,000 5,704,200 5,609,000 18,921,700
New England. 3/ 100,000 100,000
Région 3f _ 300,000 300,000
Total $235,243,800 §32, 746,750 $5,051,750 3,677,000 $305, 818,900

2/ Iaformation furnished not separable by storm.

3/ Information not separable by state,

"1/ Incomplete estimates for damsge in interior areas.
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dollow and the other flood control structures operated by the New
England Division, Corps of Enginaers. (see Plate 79).

106. Summary. - The total hurricane damages in the region, as
given in preceding paragraphs, are aummarized-b& state and by storm
in Table 96, Estimtes of damage for interior areas are incomplete.

Table 97 gives a summary of these damagés by type of loss,

Table 97 - Summary of 1954 hurricane damages by type of loss,
New kngland-New York Reglon

Type _ Loss
Public property $ 53,822,200
Shipping = ' 12,881,000
Utilities 39,193,900
Transportation 2,800,000
Commercial 55,167,500
Industrial 38,07.,500
Agricultural _ 29,285,100
Foods and Drugs 7,278,800
Fisheries . 3,786,900
Private property 59,670,000
Other 1/ - 3,859,000

Total _ $305,818,900

Ej Inseparable combinations of two or more types of loés.

107, Sevargi coastal communities sufferéd exteﬁsive danmage from
Hurricanéé Carol end Edna but paruidulaflylfrOm Burricane Carol,
Tghle 98 lists losses for soven New England communities resulting

from Hurricanes Carcl and Edna.
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Table 98 =~ Iamagp suffered in seven communities in southern
New Enpland from Hurricanes Carocl and tdna,
New ingland-New York Kegion

Community Carol ' Edna - Totad
Fairfield, Conn. % . 577,000 == § 577,000
New London, Conn. 2,066,000 § 8L3,000 2,909,000
Newport, R. I. 2,670,000 121,000 = . 2,791,000
Bristol, R. I. 2,945,000 237,000 3,182,000
Providence, R. I. 51,690,000 1,035,000 52,725,000
Agsonet, MYass. 508,000 16,000 521,000
New Bedford, iass, 15,220,000 1,130,000 16,350,000

The above community estimates are exclusivye of any damage to State
facilities, military instellations, communications and power, that
may have been inourred in these communities. Lstimates for these

exoepted items did not peranit segregation by locality.

COMRARISON OF 1938 AND 195l HURRTCANES Aﬂﬁ”EFFECTS
108, The surface and upper sir conditions wﬁicﬁ existed over
eastern United States and the western Atlantic areas while the hur-
ricenes were moving northward along the coast were all very simi-
lar but the evolution of thess conditions was somewhat different
in esoch case, The progress of the three 1954 Hurficaneé, Carol,

Edna and Hazel and the 1938 (New England) hurricane is shown on

Plate 80,

109, The 1938 hurricane moved quite rapidly throughout its
entire history, moving around the periphery of a well &evéioped
high pressure cell located in the Atlantio Ocean. A very slow=

moving, large-amplitude trough of low pressure aloft existed to
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the west of the Appalachians early in the development of the bur-
ricane when 1t was atill ﬁoving almost due weatward and located
400 miles north of San Juan, Puerto Rico, This ﬁas four days prior
%o its atriking the New England coast. The combination of the deep
trough over eagtern Unlted States and the high cell in the Atlantic
provided a deep and broad band of southerly winds.along the eastern
seaboard, .Since thegse features remained essentially stationary,
thié Band of winds provided a good éteering ecurrent for the hurricane,
The storm showed little of the ﬁormal.tendency for deceleration in
the recurvoture stage and 1ts northward acceleration was marked as
it crossed the latitude of 35° W. The increasing forward speed of
thig hurricane, as well as speeds of the three 1954 hurricanes, is
shown in Table Q9,

Table 99 -~ Forward speeds of 1938 and 1064 hurricanes,
New England-New York Region

Latitude of observation
0%  32%% 3O 36%% 38N  WOOW  42%N  Wuoy

Hurricane

, Forvward speed in miles per hour

1938 - 18 27 . 37 L0 i 55 b2 62
Carol 1954 3 5 18 38 38 33 31 20
Edna 1954 9 15 21 30 32 7 Y2 L5
Hazel 1954 10 14 30 45 55 6l 5& 53

110, BHBurricane Carol developed about 40O miles eust of Hiami

under dissimilar circumstances. It was'émhedded in an
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aresa bf very week flow aloft,.which acoounted for its exceedingly
slow movement for the first four days of its existence. In addi-
tion, severel high pressure areas moved eastward off of the New
Englend coast during this period; which also blooked any.northward '
motion of the hurricane, The fIGW—aloft over eastern United States
was mainly from west to east for the firét day or two after Cafol
formed, During the pericd from Auguét.é7 to 30 a gradusl intensi-l
fication of a trough aloft developed over Chio and eiten&ed south-
‘ward into the Gulf.of Mexico. This trough line remained almost
gtationary so that as its amplitude increased a band of southerly
winds gradually inoreased in speed, depth and width, establishing
a steering current over the hurricane whioh firnally accélerated it
toward New England,

111, The ghp patterns associated ﬁith Hurriéaﬁes Edna.aﬁd
Hazel glso gshowed a large-amplitude, deepéning trdugh over the
eastern sections of the country and a building ridge line over the
Cenadian Maritime Pfovinoes which provided southerly steering cur-
rents for these storms, Thé dévélopment of the troﬁgh assgociated
with Hazel was Bimilar to that of Hurricane Carol but the develop=
ment occurred further west, whioh steered thisg hurricane further
west and on an inland track., The trough gssociated with.Hurricane

Edne was more like that of the 1938 hurricene, -as it

was already present over western United States when Edna was passing
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about 200 miles north of Haiti. This trough aloft was moving easte
ward faster than any of those associated with the other three hur-~
ricanes but deepened and decelerated over the eastern part of the

country. The faster eastward motion of this trough steered Edna

on a track further to the east than the other storms.

112. This discussion has pointed out the similarity of the
synoptic patterns occurring with these hurricanes. The pattern is
a deep and broad flow of southerly winds along the eastern seaboard
created by a deep and large-amplitude trough over eastern United
States and a correspondingly well-developed ridge line or high center
over the western Atiantic at a longitude of about 60° West, Lx-
perience with the 1954 storms indicates that the mechanism for de=
vel;ping the required southerly wind steering flow can be foreseen
one to two deys in advance. The forecast problem becomes one of
anticipating the rate at which this current will develop and the
extent to which it will influence the hurricane's motion. Research
should therefore be directed toward the timing of these developments

and upon the rate at which the storm reacts to changes in the steer-

"ing ourrent.

113, A review of the 30=hour prognostic charts showed that
reasonably acourate tracks were forecast but that considerable

errors in forward speed were mede. Thess errors all stemmed from

a fallure to forecast the rapid increases in speed of the hurricenes
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as .they moved northward aleng the comst, so that timing of the ac-
‘oeleration of the forward speed of the storms for periods of about
2, hours in advance should be a specifio research problem for im-

medigte study. -
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MENACE TO PUBLIC HEALTH

1), .COnxaminatiﬁn of food end drugse = Demages to food and
drugs caused by hurricanes create e menace to the public health
that may take any or all of three forms; contemination of food and
drugs by sewage from polluted flood waters;_spoilagé of foodstuffa
by contamination or 1ack of refrigération; and rodent and insect
infestations encouraged by acoumulations of insemitery garbage or
rubbish. Flood waters, particulsrly in populated areas, mist
always be considered as polluted and containing pathogenle orgenisms
of the type causing typhoid, gastro-intestinal disturbances and otner
waterborne diseases.

115, Consumption of contaminated foods end drugs or contact
with contaminated buildings and equipment could result in outbresks
of the enteric and other diseases, Spoilage of food may cccur follow-
ing a hurricane because of contamination by polluted flood vater and
because of lack of refrigeration caused by power failure, Meats, fish
and other perisheble foods decompose repidly unless held under proper
refrigeretion and the ingestion of such decomposed foods could cause
food polsonings Accumulations of insanltery garbege and rubbish
caﬁsed by contamination of foods end breakdovms in collection systems
could result in serious infestations of insects and rodents whioh
could result in.transmission of disease by these vectorss Another
possible menace resulting from the contemination of foods end drugs
and the accurmletion of garbapge end insanitary rubbish cen be caused
by the scavenging of these materials by individuals for sale or
personal consumptions
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1160 Following both the hurricenes of September 21, 1938, end
August 31, 1954 (Carol) demages to -food and drug establishments, in~
cluding buildings, stocks, snd equiﬁhsnt, by contemination with
sewage-polluted waters and from pow§r fai1ures, created a serious
health monace. The menace was greatest in the more populods arens,
particularly those fronting tidal waterse However, prompt action
in theso sroas by local, State and Federsl public health and food
and drug officials effeotively controiled‘the situation. These
agencies inspected and quarantined food and drug establishments and
required the disinfection of bulldings and equipment; supervised the
segregation of undamaged goods from those that had been conteminated
by pollubed water or spoiled from lack of refrigerationsy impounded
contamineted and spoiled foods and drugs and monitored the disposal
of unsalvable goods, the operation for the salvage of goods for re-~
sale, the denaturinz or decharacterization of foods for non~humen
use and the return of goods to menufacturers for re~processing; re-
stricted affected areas and destroyed damaged goods at the places of
disposal to prevent scavenging; and directed opsrations lor the
dlsposal of garbage and insanitary rubbish. No cases of disease
attributable to foods and drugs demaged by hurricanes were reported
for either the 19489 Hurricane or Hurricane Carol.

117. Very little date are available on the cogt of correcting the
menace to public health from damage to foods and drugs caused by the

1938 hurriocane or by Hurrloane Carols Howover, in the city of
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Providence, Rhode Island, the cosf_of disposing of foods and drugs
dsmaged by Hurriosne Carpl was reported to be approximately $33,100e
The total cost of correcting fhe publis health menace after each
harricane, inoluwding labor, eqpipmént and Supplies for decontamination,
salvage snd disposal operations and loas of business iﬁoome,'prdbably
amoﬁnted to several hundred thousand dollarse

118, Damages to food and drugs caused by the hurricane of
September 1l=15, 19k}, and Hurricanes Edne and Hazel were negligible
as was the menace to pdblio health from these commoditles.

119; Contamination of wator suppliess = Hurricanes may cause

demages to water supply systems creating & menace to public health
in a nunber of ways. Water supply wells and reservolrs mny bacons
Qontaminated by polluted water from floods_or high run-offse Distri-
bution systems mey becowms contaminated by polluted weter through
breaks in mainsg by deliberats filling withrpolluted water as o pre=
caufionary measure against the poasibility.of fire, followlng fallure
of the regular supply; through cross-connections or leaks following
loss of pressure through power feilure; and by interruption of
shlorination due to power failure or lack Qf pressure, Another menace
oreated by complete failure of & regular supply is the possibility of
consumers resorting to the use of other sources of supply which may be
unsafa.

120, Records on the menace to public health from contemination
of water supplies cauéed by the hurrioana of Séptember 21, 1938 are

‘not complote, The Massachusetts State Department of Public Health
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reports that 33 éupplies were contaminated when polluted waters flooded
well fieldé or ﬁfxen débris washed from watershods into reservoirs.
Fourteen ‘souroes. of supﬁly ﬁer@ flo‘ode:d out and 10 water systems ex-
perien‘qed power Pailuress In Conﬁeétiou‘c an unrecorded but consid.erable
nunber of water s'upplies were ai‘féc_tad by 'power fa:llure, interruption
of chlarination, loss of pressure and contamination. Three water supply
systems in Rhode Island were mported c_oi;tamihated‘, two by polluted
salt water pwmped into the systemse There a.re__ no .reob'rds for New
Hampshire, but it is known that a nw:ﬂ:ef 'of wells and reservoirs were
flooded, Vermont, Maine, and New York have no records indicating that
wafer supplies were édntaminatedr during the 193%8 hurricane. |
121, None of the States in the 'region-r.éport any menance to water
supplies resulting from the hurricsne of September 1Sljje dnly three .
communities r‘ep.o;'ted. that ﬁixter supplies were contaminated or subject
- bo contaﬁinati\on as & result of Hufricane Carcls Na.rra.ga;nsett‘and
Wakefiéld, .Rhode :féland, reporté.ci that ruptured water mains were ex=
posed to contanineted tidel water, and at Lancaster, New Hempshire, &
losg in pressure caused the weter-actuated chlorinator to fail. No
oommuniti..ea in Maasaohusettﬁ . Wew York, Connecticut, Maine or Vermont
reported any mensce o ﬁublid' health from contamination of water suppliess
122, Three communities in. Hassachusetts reported contamination of
wator supplies as a result of Hurricane Edna. At Bedford the well field

end pumping station were flboded with river watery at Chioopee, a power
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failure stopped the opergtion of the power-operated chlorinator;
and et Oxford, the pumping station eand well were flooded after fail=
urs of aﬁ ups tream dem,

125¢ In all the instances above, prompt action by water works and
public health officials prior to, during and after hurricanes reduced
the menace to public health from contamination of'water'supplies to a
minimume Orders and instructions to boil watér were issued by radio,
newspaper and hand bills; emergency chlorination and pumping equipment
was installed where most needed. Repairs to chlorinators, pumps and
other equipnent were made and, in many instances, normal operation re=
atored in & maetter of hours; Broken meins were replaoed; contaminated
wells and distribution systems were disinfeoteds Frequont bacterio-
logionl examinations were made until the safety of supplies had been
established, |

12l44 No diseases attributable to contamination of water supplies
by the hurricanes of 1938, 194k, and 155) have been reporteds The
ocosts of controlling and correoting these menaces have not been determined
or estimeted in most instanogs.' The Massachusetis Departmant‘of
Public Health estimates that the cost to the communities having water
supplies ocontaminated during Hurricane Edne probably did not exceed
$L,000, The cost to the three communities affected during Hurricane
Carol was probably no greaters The mumber of communities affected
by conteminated water supplies during the hurricane of 1938 was
probably well over one hundred and the costs of controlling and

correcting this publioc heslth menace, including such costs as extra
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labor, purchase or remtal of emsrgency equipmsnt,'&isinfecﬁants,
and printing, probably did not exceed %200,060,

| 125, None of the communities in the reglon reported contamina-
tion of water supplies attributeble to Hurricene Hazels

126, Spoilage of foodse = It is believed that thore was little

food spoilage caused by the hurricane of September 14=15, i9l), and
it is.kndwn that spoilage was negligibls after Hurricans Edna end
| Hezels There was a large spoilage of food resulting from the hurri=-
cane of September 21, 1938, and Hurricene Carols Spoilage was pro=
bably greater during the latter because of the growth of the frozen
food and home freezer industries. Prompt disposal of spoiled foods
from eStabliShments,'prevehtion of scavenging, warnings issued, and
the swareness of the averagé householder to the dangers from spolled
foods reduced this public health menaée to a minlmum, No cases of
food polisoning due to spoilage were reported following either the
hurricane of 1938 of Hurricane Carol,

127, Disruption of sanitery sewer systemse = The disruption -

of sanitary sewer systems caused by hurricanes may create & menace-
to the public health by polluting waters that may oontaminate private
homes, business establishments, foods, drugs, water supply wells,
reservoirs, pumping stations and treatment-planﬁs; and bathing and
shallfish arease

128 The only menace to public health from disruptions of
sewerage systems ctused by hurricanes were reported by the State
heslth d epartments of Messachusetts and Rhode Island following
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Hurricane Carole On disruption of the treatment plants at Providence
and East Providence, emergency chlorination was substituted to reduce
the menace to the public health from the discharge of largsr volumes

of rew sewage in a highly-populated, flooded area. This emsrgency
measure cost an estimafedltotal of.$2,000. ‘Disruptlon of other
sewerage systems in RhoderIsland resulted in the closure of a total

of 11,000 acres of shellfish ares for periods of from three to five
weeks, Disruption of the pumping station at New Bedford, Massachusetts,
by floodiﬁg caused the overflow of raw sewage into an area where shell=-
fish ocould legally be taken end the area had to be closed to this usee

129+ Interference with hospitalizZations = There are no records

which show that interference with_hospitalization rosulted from the
hurricanes of September 21, 1938, and September 1l=15, 19Lk. Tt
seems ocertain, however, that there must have been soms interference
with hospitalization in 1958 due to the severity of flood conditions
and the widespread and prolonged power fallures. Some records are
available for the hurricanes of 1954 Only Hurricane Carol was reporte
od as interfering with hospltalization, end this due to power failures
in Fhode Island and Massachusetiss

120, The Veterans! Hospltal at Providence expsrienced & power
failure, Power had to be supplied by two auxiliary generators furn=
ished by Civil Defense authorities. Ten other generators were
supplied to hospitals in Rhode Island as standby unitse In Messaw

ochusetts, power failures occurrcd at hospitels in Arlington and
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Stonoham, Civil Defense authorities issued a total of three
generators to these institutionse Twenbty other generators were
issued to public service institutions, some of which may have -
been assigned to hospltals for standby purposess The Malden
Hospital lost both its regular and emergency sources of power
and what might have been a serious situation was averted by
yunning emergency lines firom the local Civil Defense headquarters
to the hospitals Interference with hospltalization would un=
doubtedly have been more serious had not speoiel effort been
nade to restore power quiokly to affected hospitalse Also. meny
of the hospitals, particularly the larger ones, hed already been -

provided with suxiliary equipment to meet such emergenciess
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RELATION TO NATIONAL DEFENSE

131. Any naturel catastrophe has potentially sericus repex-
cuaéions upon national defenée. Hurricanes, with accompanying high
winds, extreme tides, and copious rainfalls, have deamaging but in no
woy crippling effocts, The potential effects msy be regarded as
primery, ﬁhose resulting from damage to equipment, and possibie isola~
tion and immobilization; and secondary, those resulting from damages
to 1ndustrial productivity, and the dangers of civil commotion which
may accoupany or follow a natural catastrophs, None of these potential
ptfects was experienced to a sericus degree in the 1954 hurricanes,

,: 132, Hurricanes inevitably cause considerable destruction of
Eiefansa equipment, particularly a£ coastal installations where in=
undation oceurs, Docks, boat houses and launchways generally receive
gevers damage, All types of unprotected egquipment at shipyards and
repalr shops are flooded by the extremely high tides, with some con-
sequﬁnt delay in the use of docking and repalr facilitles. Beacons,
buoys, and lighthouses freguently require repairs or replacement.
‘Unless .nava.l vesgels are readled and aircraft dlspersed beyond the
danger areasg, highly serious danage can result, The potential damages
to inland installationé are those caunged by wind and torrentisl rains
with consequent damage to buildings, any unprotectad equioment, and
such facilities as runways and roads,

133, Possible isolation and lmmobllization result from the

necegsity of dispersing planes and vessels to other arezs, from the
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general damage to roads and bridges, aand from the interruption of
power and talephono facilities, Since the disruptive effects of
murricanes are of short duration, crsft can be quickly returned to
their bases. Most modern upits are suitably equipped t0 move with
reasonable speed to any locality even with highways dlocked and
bridges destroyed, Since military esteblishiments use radlo communicar
$ions exténaively and can supply thelr most pressing neseds for eleo-
trical power through the operation of standby and mohiie generating
‘equipment, they are in part protected from igolation by powsr and
tolephone failure, It' i1s probable, however, that activities connaected
with Civil Defense are more or less seriously hampered by such failures,
134, In a state of national emargéncy; tﬁe'effects of a hurricane
upon industrial productivity could be serious, particularly if plants
producing critically needed materlals sustain serious damaga.. In the
1954% hurricanes, in fact, industrial plants showed considesrable resili-.
ence, and remarkable power of recovery from the demaging effects of
wind, tidal flooding, and logs of power, Many of the plants which did
not suffer power interruption, returned to production immediately fole
lowinglthe stprm, and others were ready fa normal operation as soon
as power was restorsd, Exbtended interruption of production was. the
exception, Considering the mmber of plants in the region and their
diversified location, the effect of the hurricanes upon this aspect of
national defense miat be considered minor,

135, The possible civil commotion immediately prior to, during,
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~and folloniné a hurricane could be of serious consequence to national
defange, Howaever, careful warning of the population, evacuation of
persons from threatened areaslprior.to ﬁhe striking of a storm, and

"thé malntenance of order after a storm would prevent any serious dangers.
Following the Hurricane Carol, civil authorities in Bhode Island and
Massachusetts found it desirable to request the National Guard to assist
in the enforéement of lew snd order for the protection of life and

.'property afid to insure early recovery, The precise effects of such

" action upon ﬁational defense are difficult to estimate, but it soems
proﬁable that danger is minimized when maximum precautions to maintain
order are talkten in areas of extensive damage.

136, Undoubtedly civil commotion during Hurricane Edna was re=-
duced by the operation of the Weathaf Bureau Hurricane Advisory Service,
the awareness of people living in the aréa, and the early evacuation of
inhabitants of threatened sections, It seems probable that the majin~
tenance of wholly adequate warning gystems, the orderly evecuation of
persons in endangsred arens, and the presence of personnel traimed and
'authorized to maintain order after the .stoi-m.ara the most vital factors
in preventing interference with national defense, It is possible that
consideration should be given to greater use of Civilian Defense per-
sonnel in connecticn with such work in future storms, Such a proce~
durs would provide an additional source of manpower for the malntenance
of order, and would at the same time have the advantage of providing
training for the perscnnel involved. It is to be noted that Civilian
Defense personnel performed many important and valuable eivie dubies

during and immedietely following the 195 hurricenes.

IXXI1-99



CIVIL DEFENSS FUNGTIONS

137, Oivil Defense organlzations, although primarily established
for wareceused disasters, Federnlly and in some States are authorized %o
engage in emergency activities in times of natural disasters, include
ﬁ.ng those occasioned by hurricanes, In Federal Civil Defense Administra-
tion Reglon I basic civil defense leglslation providee such auth ority
in Maine, New Bampshire, Magsachugetts, Rhode Island, Connecticut and
New Jorsey. - In New York such authority is provided for the 8tate
organizational level by instruotions from the Governor, Appropriate
legislation 18 expected to be re-introduced at the next iegislative
soasions (1955) in Vermont and New York. Meny communities which have
beeq struck by hurricanes or other patural disasters have found that
t_hpir_ n_ozfx_nal protsqtion 'seryides wers inadequate to cope with the eltuae
tion, Ther’e have been numerous instances when fe:inforcements qulokly
provided could have saved lives and reduced damage, The various Civil
Defense Goordinatorg have the aﬁthority to utilize their organizationu
in such cases, Th_ese organizations are a valuable auppleﬁentary force
which can funetion 1ndependently' or 1a conjunction with other similar
forces in the protaction of lives and proPerty. |

138, The function and value of Civil Defense organizations was
demon_st_ratad :_ln the 195“ hurricanes, Where appropriate authority ex-

isted at the Federazl, State and local levels, these organizations
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directed, coordinated and aesisted in such activitiesn as:

&, Oompiling and‘diaseminating informtion,

Be E?aggation of coastal ersas,

. ¢ Providing emérgenqy ghelter, food, and mediéal care,

in eooperation with the American Red Crosa, -

ds Furnlshing omergency supplies and equipment, for ex-
ample, emergency powéf‘equipement fof easential facilitiea guch as |
hospl tals, | o |

e, OCarrying out necessary civil fupctions, such as publie

safety,

-fo Elimination of hazards to health, welfare, and safety,
such ag debris and contaminated consumers' products,
g. Admnistration of Federal and State financial assistance

to supplement local and State efforts.
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PROTECTIVE POSSIBILITIES

139, Werning gervice., = The hurricans warning service of the

Ue Se Weather Bureau is designed to furnish advaﬁce'warnings of hurrie
canes to the public generally, For the east coast end Gulf areas
the service is cenfered at Miami,.Florida, with four associate warning
centers at San Juan, Puerto ﬁico, New Orlaéns, Loulsiana, Washington,
D, C» and Boston, Massachugetts, Certain geographical areas of
reépqnsibility have been established and the officg responsible
1ssues public:advisoriea on each ﬁrOpical storm (hurricane) 1oo§ted
in its areé of responsibility. |

140 The Center at Mimui provides liaison with other goverﬁmeﬁt
departments, such as the Air Force and Navy, As a result there is
excellent coordination in the official advisories released by governe
ment agenoies, Provisions are also made at Miami for the dispatch
of military aircraft fbr storm i-aconnaissance°

ijl. Official public advisories are issued whenever a tropiecal
gtorm is detected, The advisorles are igsued at intervals of aix
hours and are numbered consecutively for each storm, Wide distribution
is given fo the advisoriess. They ére distributed by the news wire
services, by radio, television and neﬁﬁpaper, over direct radio broad-
oasts from Weather Bureau offices and by official distributors such
as Civil Défense,'ned Cross and State Police.

142, In addition to the official advisories, information on

the off'ects expeoted from the tropical storm is included in publie
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forecasts issued for the areas likely to be affecteds Weather Bureau
offioeslisnue bﬁlletins.for press and radio at other.than the offiolal
advisory times in order %o kéep the public advised of the étorm's prﬁgrasa.
ih5e Distribution from the Weather Buresau includes all nawé agencles
in fhe area affecteds In some citles local public weather bircuits.are
operated which provide an excellent means fof dissemination of fullu
information on the storm?s progress. Warning$ such &s advisories,
bulletins‘ﬁnd public forecasts, are sent on these looal circuits,

1. Coastal areas are covered by forecasts of expected conditionsa

Wernings are issued, as required, inoluding storm warnings and hurricane

wernings, Appr&priate viaual fliag displays are made for these warnings
to obtaiﬁ diétributién to shipping and boating interests,.

1&5; Provisional storm or hur&icane waranings (alerts}.are isgued
whenever neéessary to advise the public in advance regarding the
posaibility of dangerous étorm conditions déﬁeloping. |

16. Despite the best efforts of the.Wéather Bureau, the news
agencies and official distributors, there ié a need for wider and more
expeditious distributién of hurricene warniﬁgs and advisories, Steps

are being proposed to improve this by cocoperating in the ostabligha

 ment of additional public weather circuits, creation of local warning

networks in collaboration with Civil Defense organizations, and setting

up additional distributors for relay of warnings to the public,
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ih7o More oxbtensive use.of preliminary hurriéane alerts is being
studieds 1In thiqiconnacﬁion an edﬁoatiﬁnal progrdm to familiariio
the publiec with the nature ahd.freQuency of hurfioanes, existing warning
services énd prﬁtective measureéIWUuld be very helpful. VEfforts should
bo made to enlist the aid of other groups in furthering fhe aima of
such an educational program.

18, Modern radar equipment operating on & radio frequency of
about 2800 mce, with a peak power output of about a million watts,
would be of great assistance in detecting and traoking hurricanes
that affect the east coast of the United Statese It would éontribute
vory importantly fo the timeliness and effectiveness of the Weathsr
Bureauts hurrlcane warning service. Installations at Bastport, Maine;
Nantuoket Massachuaetts° Atlantic City, New Jersey; Hattaras, North
Caroline; Charleston, South Carolina; and Daytona Beaon and Mlm;n,
Florida would enable the precise tracking of these storms at the
stage in their movement when they are most critacal, with respect
to great population conters of the United Sfates, as well as to
the industrial complex of northeastern United States, To illustrate
the value of such installistions one may consider how an installation
at Hatteras, North Gafolina, would be used, It has been observed
that virtually all hurricanas.that affeot New England in any serious

degree, pass within 150 miles of Hatteras. A radar site at Hatteras
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could obaorve thn‘minuto~byaminuto'position'dﬁ tharpye of the hurricane
at ranges'bf 150 mileg or more end determine the direotiop and fate of
motion and the changes ﬁhorein, and 8o detogminﬂ.jheﬁhér the hurridans
would pﬁés inland'iﬁto New Englénd'of‘move hgnﬁléqsly.out:to.aoa beyond
Cape de. Thé‘height of thé atqrm could qlgo be dgtérminﬁd_ag well as

something of the wind velocities attending the storme
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149, Protective Meesures. - The problem of providing adequate

protection for both property and life against the'tidél and interior
flooding and thé abnormal winds of hurricanes_is é problem requiring
considerable investigation and study§ _An exﬁmination of records
clearly indicates that it is not uncomimon for hurricane winds, often
accompenied by tidal flooding, to devastate the exposed coasts of
southern New England'and Long Islande The potential danger to property
and life resulting from such storms is directly proportional to the
concentration of development in the affected area. The highly
soncentrated nature of modern urban industrial end commercial develop-
mént in such comstal centers as Providence and lew Bedford, and the
similar coricentration of modern coastal recrostional development

along much of the New Ingland and long Island cbasts has vastly.
inoreased the potential damage to property end life resulting from
such storms in the area.

150, Since the conétruction of effective shore protective
structures is costly, such structures were not, in general, justifiable
a8 ‘long as relatively infrequent storms thresmtened only small amounts
of property and small numbers of lives, In proportion, héwevar, a8
populetion concentration and the valuq of affecoted property increases,
it is clear that the ratic of benefits to costs for protective
measures will increase. UDamage resulting from the serious hurricanes
of 1938 end 195L make it clear that at lesst in some areas develop-
ment may have beocome so concenirated us to make benefits exceed oven

high initiel costs. The sericusness of the problem would appear
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to justify the thorouéh investigation and study necéssary to determine
the most feasible meens of protection, and the degree ofueconomio
justification for such protection in particuler areas.

151. Burricene damages result from abnormal tide and wave
action and from floods ceused by the accémpanying torrential rains,
as well as from sbnormal winds. Usmages involve economic losses to
property, and loss of life. Many demages, such as those to crops
and trées, and the losses resulting from the disruption of normal
business activities, obviously cannot be prevented, or even relieveds.
Others can, in some cases, be protected eazainst by the construc-
tioﬁ of effective barriers to water, and in other ceses can be
prevented by foresight in the adoption of measures which prohibit
exﬁbsure to danger. Probective measufés include the construction
of seawalls, bulkheads, dems and dikes, groins, and breakwaters to

protect established areas from the onslaught of unusual wave action

‘and flooding; and the construotion of adequate drainage systems

to care for the excessive run-off oreated by the torrential rains
accompanying hurriocanes. |

152, The measures which may be classified as preventive imolude
the esgtablishment of fully adequate warning systems, the proper
education of the population in arsas likely to be affected, pro-
visions for the orderly evacuation of critical areas, the establish-
ment of proper hurricane shelters, end the adoption of zoning

restrioctions preventing valuable building in ereas which cannot be

XXXII~107 =



adequately protected, and of building codes which will provide
security to valuable property under abnormally high wind conditionse
This topic has been ooversd in large measure in previous paragraphs.
The nature and requiremeﬁts of various types of protective structures
are discussed in the following paregraphse. More detgiled gﬁudies
undoubtedly should be made to determine the eoconomic feasibllity

of particular measures in critical areas.

153+ Protection from abnormal tide end wave action. - In
general, protection from abnormel tide and wave action can be secured
by providing in greater stréngth snd te a greater helght the same
measures designed to protect shorefront property, beaches, shorelines,
. and shipping and bogting facilities egeinst normal wave action. Such
measures include the construction of seawalls, bulkheads, dems, dikes,
groins, eand breskwaters and the placement of beach fille The type
and extent of a.struoture which would be most effeotive or economically
justifiable for a particular site depends upon the physical character-
istices and economic status of the ares to be protected, and upon the.
relationship between the cost of protective comstruction and the value
of property. to be protected. A harbor containing extensive shipping
installations requires one type of structure whersas a low-lying
ocolony of summer cotteges requires anothere Inasmuch es the cost of
such structures is great,'and their effectiveness is dependent upon
adequate design, their design, development, and construction should
be underteken only by experienced téchnical personnel, and only after

detailed studies have been made to determine the most feasible and
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eoonomically justifiable plans, Various possible types of protective

works are described in the following paragraphs.

6, BSoswallse = A seawnll is a structure separating land
and water and designed to prevent erosion and other damage due to
wave actione It is the normal means of protection against heavy seas
at points where it is necessary to maintain struotures near the natural
shore lines A secondary function of the seawall, similar to that of a
bulkhead, is to retain or prevent sliding of the land. To resist the
héavy force of breaking wabter, it must‘be well designed and of heavy
construction, generally of concrete, and be provided with desp, solid
foundations protected by rip-rap, or stone. The height of the wall
should at least be equal to that of the maximum storm wave, for full
protection end generally higher to prevent overitopping by breaking
waves. The ends of the wall should be tied into hizh ground with
wingwalls %to prevent flankings The tos of the wall should he revetted

with riprap to prevent undermining. The surface behind the wall

should be filled to the top and paved to preveat srosion or undercutiing.

(1) Seawalls are placed parallel or nearly parallel
to the shoreline, and, by themsolives, are most effectivé where there is
little littoral drift along the shore, or whors it is desired to main-
tain a depth of water along the shoreline as for e wharf or pier line.
Since a wall generally produces more erosion on the water side of the

beach area, where there is alrsady a high littoral drift, further
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protection by greoins may be necessary‘to prevent uwndercutting of
the footings of the seawall.

| (2) The shape of & éeawall san be ﬁ major factor
In its use and effeotivensss. Walls wﬂich ars ooncave on their
weter side are best adapted to counteract waves breaking on them.
Theconocave surface of such a wall deflects the wave seaward thereby
tending to dissipate the energy §f successive waves and te lessen
the smount of dangerous overtoppinge. Such wélls ars particularly
desirable if the beach is narrow or non-existent, and if the water
level is over the base of the wall during high or storm tides.
Vertical, or nearly vertical walls, although somewhat loss effective
against wave attack and overtopping, have the advantage of being
usually easier and less expensive to construct. In addition, they
are best sulted for use as landing places beside navigable water,
for convenience in loading and unlogding vessels. Stepped-face
walls provide the easiest acoess to beach afeas, and also mot to
disrupt the soouring action of wave backwash. The least effective
design against wave atiteck or overtopping is the beckward sloping or
convex. faced walle Although possibly more adaptable ms emsrgency
protection when the only available materials are sand begs or large
stones, walls of this desipn should be restricted to those areas
where overtopping is not a problem, or where structural, emergency,
or aesthetic considerations prohibit the use of other wall designs.

(3) fThe costs of secawall construction are relatively

high, especlally if they are to be built with strength to withstand
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demages can bc prevented.

0+ Bulkheadse = A bulkhead is similar to a seawall except

that its function is primsiily to resist earth pressure and only
seocondarily to withstend wave mction. Actually a given proteotivs
structurs may be called a seawall at one location and a bulkheed
at another, depending on its purpose. In general, howsver, bulkheads
are less stable and ars best to afford protection to bluffs from
erosion or to maintain deep water along a wharf or a pier.

(1) Bulkheads, which are protected by a permanent
beach berm from the direct impact of the waves, may be built to a
height of approximetely two feet above the height of the ineximum
wave uprush, or to a height egual to that of the fill which they
are designed to retain. They are most commonly constructed of sheet
steel piling, although many are built of concrete or timbere. The
wajor factor determining the choice of building meterial is the
susceptibility of the structure to direct wave attack and salt water
eroaion, The sreater the exposure to such attack, the greater the
necessary strengths. Whatever material is used, however, care must
be taken to sdequately protect the foundatinus of bulkheads from
scour or settlement by protecting the base of the structure with
riprap or large stones.

(2) Bulkheads have the advantaze of low initisl cost
compared to the generally more elaborately constructed seawalle
Msintenance costs however, are relatively high. Consequently, the

seleotion of this type of protective structure must be predicated on
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an annuel benefite-cost ratin. Studies of the econcmic justification
of bulkhead construction must cousider the extent of continued uss
and the possible future development of the arca to be protsotecde

de Groilmse = A groin is a shore protection structure,
usually built perpendicular to the shoreline, which functions to
trup the littoral drift or to retard erosion of the shore. It is
narrow but long enoush to sextend frum s point landward of the shorslins
out into the water a sufficient dJdistance to provide stabilizstion of
the shorcline.

(1) There are sevoral types of [roinss permsable or
impermeable, hizh or low, and fixed or adjustabla. Fermsable groins
contain openings of sufficient size to permit the passaze of appreciable
quantitios of littoral drift. Impermeable groins are generally solid
structures which prevent any littoral drif'te Somec permeable stone
groins moy, however, becoms impeirmeable from heuvy marine growthe A
permeable groin appears in meny cuses to be preterable sincc an
impermgable structure, in buildin; up wnn accretion of sand on the up-
drift side, prevents the necessary replenishuent of sund on the dowa=
drift side. Many factors must be considered in sclecting tne nuuber
and size of the openings in a permeatle groiass the slops of the
beach; the heizht, lenjth and angle of approach of the waves; the
megnitude of the littoral 4drift, and the size of the beach
materiale. The choice between pormecable and iwmpermeadle ¢groins must

be based upon a carsful study of all factors in the arna concernede
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(2) The height of a groin depends om the volums of sand
movement st the location where proteotion is desired. At the base
of a headland or reef, or at the entrance to a bay or inlet where
i1t is not necessary to maintain a sand supply downdrift of a groln,
it may be built to a height that would completely block the passage
of a1l material moving in that area, However, where it is desirable
or necessary to maintain a iand supply downdrift of the groin, it
may be built to such a height as to allow overtopping by storm
waves or by waves at high tide. Such low impermeable groins serve
the same function as a permeable groin, and are more stable and
positive in their actione

(3) The majority of groins are constructed as permanent
structuraes, but the adjustable type is sometimes used where it is
desirable to maintain the downdrift beach while inducing beach building
updrift of the groin. These groins consist of adjustable batter boards
between piles. The batter boards are positioned to permit the
accumulation of a desired amount of sand in stapes. At the oend of
each state, sand is allowed to pass over the groin and theraby
replenish the downdrift beach.

(4) The shape and dimsasions of e sroin depend on the
were forces to be withstood, the type, the material with which it is
to be built, and the construction methods used. The length is
determined by the depths in the offshore area and the extent
of the littoral drift it is desired tc intercept. The most desire

able shape of groin is one of trapezoidal cross—ssctions
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{5} Groins may be constructed of comorete, stsesl, stone,

tisber, or combinailons thersof, Most conorete groins are made up of
precest blocks with flexlble Joints lald in plece on ithe aand, gravel,

or & mat of crushed stone, then conneoted with & poured concrete blanket
or c¢ap after they havs settled, Although susceptible 4o esorroglion,

stecl shost pile groins with interlecking Joeinte have proven zatlisfaotory
against wave atiack, and provide positive sand-tlight connections hetwssn
adjacent piles. The stesl piling iz normelly used in conjunoction with
timber mombers sud bracing, 21l creosoted for maximum protection against
marine borers., Stone groins ars ususlly constructed of either rubble

or of cut stons blocks,

(6) For sn impermeable stone groin, the wvoids betwsen the
rubble«stones ussd in the sore of the struoture are filled with fine
material or cement grout. This core is then capped with stones of
sufficient weleght to protect the structure from anticipeted wave damogee
Stone block groins, comprised of blocks ranging in welght from two bo
six tons apiece, are gemerally permeable in nature, but may be nade
imparmesble by plecing s stoel sheet pils disphrags down the center
of the stone blocks. The most common bype of tisber groin is an
impermasble structure composed of sheet plling supported by wooden
tizber and piless The woodsn members zmst be glven the maxzimum trsat-
ment of gréégotas

{7) In selecting the Hype of groin needed at a partiocular
location, many facbors smst be sonsidered., These include the topography

of the arsa, the soll somposition, the charaster of the foundatlon,
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the range of tide, littoral drift, wave cheraocteristics, %idal currents,
and the economics ¢f the individual project. Where 2n extensive beach
area is to be protected, & group of groins is usually necessary and the
cost thereof may bs excessive.

(s) Breakwaterse - A breakwater is & barrier of solid construction

built out into the cpen ses to break the force of the waves and to
provide comparatively smooth water jnside for the anchorage of vessels
or their landings at wharves or pierse. The breakwater differs from the
jetty in that the jetty is & barrier (generally one of two parallel
barriers) usually built at the mouth of & river in such & form as to
induce the river currents to scour the bottom of the harbor entrance
and remove from the channel, sand, silt, and earth, or to prevent the
shoaling of the protected chennel by littoral drift from beaches
adjacent to the river mouth. Properly constructed, breakwaters are 8
highly efficient means of protecting against the destructive force of
wave actione The characteristics and uses of breskwaters are described
in the following paragraphs:

(1) Breakwaters may be classified as connected or detached,
as exposed or submerged, A connected breakwater is ome which is built
out into the sea from an attached point on land; a detached brsakwater
is one which is built entirely within the water., Expossd breakwsters
are those that are uncovered only at low stages of tide as woll as
those never completely submerged. Submerged breakwaters are those
whioch have their tops below low water level, their fumction being to

retain beach fill or to reduce the force of waves by causing thewm o
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braak bafaors reashing the shore, The ganersl dismsnsions of the bresk-
water are goverued by the prevailling height, length, and force of the

waves which it is desipgned Lo provide protection sgainst. The sxtent

to which thes subucrged breskwsater will reduce winve actlon is dspendant
upon the ratio of the depth of water over the breskwster to the depth

of water at the site,

(?2) The height of the exposed breskwnter necessary o prevent
sipnificant overtopping should be 1} times the height of the design
wave over the design water level. In mosi cases the slopc of the
geswiard side should be flatter than that of the landward side, the
slope being dependent on the size of tho design wave and the wulght
of the stones or blocks of which the breskwsier is buili, Nosdless
to sny, the superstructure of the exposed breskwster muwst be desipned
to withstend the tremendous direct forcse of wave atiack on the sesward
side‘&nd the force of the raceding wave action on the landward sidse

(3) Since s breskwater is usually an expensive structure,
the type to be used at a particular site is largely dependent upon
the smount of proteotion which is econowmically justifisble et that
sitze Tmporitant factors to be considered in determining design are
the megnitude of wave action, the height snd length of waves, the
tidel range, the depth of wster at the proposed site, the topography
of the bottow, end foundation conditions. Of the submergzed and
sxposed Lypes, the latler is of course by fear the mors susceptibls
Yo depepge from wave atieck, slthough the destructive forces of ths

sz extand to sufficient depths tc demage sulmmerged ones.



In all cases the core materisl must be protected by heavy blocks
or rubble,

() Breskwaters may be constructed of stone, concrete,
steel, timber, or various combinations of these, end designs vary
widely according to a variety of factors at the particular site teo
be protected. The selection of material depends upon cost, adept-
ability, and availebility at the proposed sitee The most common
general designs are described below:

(8) A rubbie-stone mound structure may be used in
any depth of water on any kind of foundation. This type has generally
been used in New England. Such structures are easily repeired if
damaged, or if settlement occurs, and the reflected wave aotion is
less severe than that from a solid wall, The advanteges of sconomiocal
maintenance are partially offset, however, by the high initial cost
of this type of structure, This high cost is largely stiributable to
the large quantity of material needed, and is proportiorately inoreased
if necessary materisl is not readily available,

(b) A stone-and-conorete breskwnter may be either a
rubble mound in whiech the voids are grouted with concrzste, or a
masslve concrete superstructure on & rubble mound substructurese Both
types tend to be relatively economical, especially in deep water,
since relatively small quantities of material are needed, The rubble
mound foundations must be protected from scour, snd given time to

settle before the concrete superstructure is added.

XXXI1-118



Offshore breakwater. %?méhrop, Massachusetts. New England-New York Region.



¥

(¢) 4 concrete caisson breakwater is suitable for
depths from 10 %o 35 feete The ceigsons, precest as hollow, ree
inforced concrete shells, are floated into positlion, settled on a
prepared foundation, filled with stone or sand, then capped with
concrete slabs or cep stones, Heavy riprap is usually plaoéd along
the ceissons to protact;&gainst soour or horizontal displecement.

{d) Steel sheet piling breskwaters may be used where
storm waves are not severe., The sheet piling mey be in the form of
& wall, or s & double wall with the space filled with stone or sand.
This type of structure is generally economical end easy to build,
but it is susceptible Lo the corrosive action of the salt water end
the abrasive action of the sand, Constant maintenance is nécessary.
Another veriation of sheet-piling breekwaters is the cellular steel
type, which requires little meintenance end is suitable in depths up
to L0 feet and on &ll kinds of foundations,

(e) Timber crib structures, used in the construction
of breakwaters, are similar to the caisson type in that they are

floated into place in sections, settled into position on & prepared

‘foundation by filling them with stone, They are then capped with

timber, concrete, or ocap stones., The superstructure end decking of
oribs set on & rubble-mound foundation &re often of timber to allow
for settlement of the crib, This type of structure is sﬁitable for
depths up to 50 feet or more, except where marine borers are presente

Foundation stebilization iz similar to that for the ocaisson type,
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151, Zoninge = The recurrence of hurricanes has suggested the
desirability of zoning in coastal areas suﬁceptible to tidal flood=-
inge Portions of large cities as well as residential areas in
southern New England and Long Island suffersd heavily from tidal
. flooding accompanylag the hurricene of 1938 and again in 1954,

Whole summer ocoloniss were wiped out in 1938 and again in 1954+ The
rgcurrencs of the devastation at an interval of only 16 years

has convinced many State, City and Town officials of the desirability
of revised zoning, Soms towns have discovsred that the tax income
from summer cottages situated along the ocean front is insufficlient

to pay for necessary services, particulary when roads, and water lines
may be periodically destroyeds A possible solution of the problem may
be found in the'purch&se of coastal beaches by towns or states. These
areas could be reserved in an unoccupisd state for public enjoyment,

Adequate access roads would be required to enable orderly evacuation of
the beaches at the approach of a hurricane, Proper reatriction
measure s alony the exposed, low lying coastal areas appear to offer

a feasible method of preventing considerable damapge and suffering

from tidal flooding. Zoning measures which might be adopted would

have to be designed for the particular ares to be protected,.

155, Protection from floods caused by hurricane rains, « The

copious rainfall associated with oyoclonic storms presents no new

problems in protecting interior areas from floodss The flood
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control structures in the flood ocontrol plans for the major
river basing would provide & high degree of protection from

floods resulting from hurricane rains,

156, Drainage improvements, « Drainage improvements con-
slst of modernizing and increasing the capaolty of atorm,draiﬁ-
ago systems in built-up areas and inecroasing channel and éulvert
onpacity on interior drainapge areas to permit more rapld dise
sipation of excessive runoff, The nend for providing addition=
al faoilitieé in built-up areas was not forceibly 11lustrated
during the 195} hurricanes except at certain localities such
as New London, Connecticut, where the storm drainage system
was previously lmown to be inadequate. The following subparae
graphs discuss drainage problem areas and methods of dissipat-
ing excessive runoff,

a8, Storm sewerse. ~ In general, the design of storm

sewers depends upon the degree of economically justifiable pro-

teotion required to provide against the damege and inconvenienoce

rosulting from over-charged sewsrs., It 1s not always sconomical %o
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construet storm sewers sufficiently large to discharge the runoff
from extreme storms that are likely to cocur at infreguent inter-
vels. Therefore, it appears that storm sewer oapacity in,New,_‘
England communities may not be exﬁeoted to bs suf'ficient to care
for high runoff such as ocourred in some looa;ities during Hurri-
ceane Ldna, However, whefe unusuﬁl problems exist, as at New
London, sufficient study should be undertaken to determine what
méasufes will be_economiQﬁliy feasible..

b, Interior areas. - Drainage problem areas along in-

terior streems have existed for many years. Consequently, many
of these areas have not been developed for residential, commercial,
and industrial use, These areas invariably suffer during periods
of heavy precipitation, because downstream chamnel ocapacities are
insufficient to discharge the heavy runoff from the flat terrain
of low elevation., In addition, due to a flat slope in the drainage
rivers, the chaﬁnela are ofteﬁ restricted by sand bars.
Following flood periods, the water;level of such rivers feﬁedes to
normal very slowly causing serious inconvenience to all the owners
along the partiocular river.

(1) The Concord River Basin provides an exsmple of
poor interior drainage., Flooding in this area following Hurricane

Edpna ceuwsed oconsiderable demage by flooding the cellars of commer-

cial establishments snd residences, LRemedial measures for this and

XAXIT 122



A7/

other areas which are subject to similar flooding during periocds of

heavy localized precipitation can be formulated only through detailed

engineering investigations.

157, Protection from ebnormal winds., - In general, thefe is no

complete protection or relief from damages caused by ebnormally high
windse In addition, certain measures which might be taken to mini-.
mize the possibility to some kinds of damage are of a nature likely
to be unpopular., The recent hurricanes experienced in the New
England-New York Region have, in each case, uprooted and broken
meny trees, seriously demaged vegetable end flower gardens, stripped
fruit from trees and frequently destroyed the trees themselves, and
flattened fields of corn, rendering them worthless except for silage,
In addition, hurricane winds have done large amounts of minor struc-
tural demage to homes and other buildings, stripping roofs, doors,
pprahes, shutters, television antennas, chimneys, and other'exposed
building fixtures. In ocommercial establishments, many plate glass
windows and advertising éigns have beén destroyed., For the most
part, prevention of such wind demages as these is entirely imprac-
ticals, Heavy damages to power liues, houses, and automobiies, As
well as the danger to human lives resulting from falling trees are
probably equally impracticable to prevent. ~Although much of this

type of damage, particularly that occurring to power lines, eould

be prevented by the removal of shade trees, public sentiment would
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probably resist such removal on aesthetic grounds. Soms protection
might be obtained by careful selection of shéde tréo specleg, Cases
of major structural damage dﬁe to wind were uncommon in the 1954
hurricanes, although one large television transmission tower was
blown oﬁer end severél phuréh'sfgaples demolished.’ Sgch damages

as these undoubtedly could hévg'been prevented by mofe adequate
building codes and suitable maintenance practices. The two
measures most often considered for the reduction oi- prevention

of hurricane wind deamages are the revision of building codes and
the use of underground utility lines, These are discussed briefe
ly in the followlng paragraphs, .

8o Revision of building codese « The extent of structural

damage caused by wind alone in the recent hurricanes appears to
indicate the desirability of more stringent'builéing.zagulations for
major installations. Major structural damage could ﬂe eiiminated

or minimized if all industrial and commércial 1nétaliations wore do=
signed to withstand windé exceeding ﬁhose alraady‘q#perienced in
the.area.l Towers, signs, and other.similar strﬁétéres should be
§overed in appropriéte.révisions of the buildingjéode. Such pro=
visions would not substantially increase the oot of the affected
structures, _

(i) The adoption of revisq@?building codes for
residential structures of seasonal natu;éi such as summer cottages,
presents economic problems, Major'win& damage to these structures
was not generally exbensive, althouéh in some localitisea exposed

buildings were apparently demolished by the foroce of fhe wind,.
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E#idenoe indicates that in certain areas wind alome was suffiseient
to destroy cottages before tidal flooding ‘ocourred, which, in any
event, would have destroyed thems There is insufficient evidence,
however, to indicate that major revisions in duilding codes

ere npcessary for summer residences situated above the reach of ex-
pected tidal flooding, Since individual wind damage was relatively
minor and only minor human suffering can be attributed to wind alone,
there appear to be serious objections to th§ establishment of
stringent building codes for this type of structure. This is par-
ticularly true since eny major structural changes would require
oostly provisions in these buildings which might prohibit the enw
Joyment of ownership by a large segment of the population.

b. Undérground utilitiess =~ The 195} hurricanes cauged

govere interruptions of electrio and telephone service., 4s a re~
sult, there has been popular agitation for placing all utilities
underground as & means of preventing fubture periods of interrupted
service, The following paragraphs discuss the effects of hurri=-
canes on elecirical and communioations lines, and the problems
incident to underground placement of wires..

(1) Effects of hurricanes on utilities. - The elec-

trical utility oompanies and the commnunications companies suffered

severe losses during the 1954 storms. Service throughout the
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region was curtailed for varying periods. Major @amage was caused
to electrical distribution lines and telephone lines. Major trans-
mission lines along cleared right-of-way were relatively unscathed.
Distribution and telephone Iines ugually ere placed adjacent to
the public highways and streets, whore they oompete for spacs with
shede trees. During the 1954 hurricanes, entire trees or limbs
were blown aoross the telephone and power lines. . Uver 861,000 of
1,500,000 customers in New kngland served by four utilities were
reported to be without power for periods up to one week Ffollowing
Hurricsne Carol sad for a shorter period following Edna, Many ofl
tﬁe residential customers depended on electricity for refrigeration,
ocooking and water supply in addition to lighting. About 250,000
telephones were reported to be out of service in Massachusetts,
Rhode Island, New Hampshire and Naine and a large nnmﬁer in
Connecticut. Along the oocest, tidal flooding of g;ant thermal
electric plants rendered the statlons inoperable,

(2) 1Yhe effect of the storm on utility gemeration
of the New England Blectric System is graphicall& illustrated on
the load chart shown on Plate _81._ The New England Eleotric System
publication "Contact" reported as foiIOWs: "High water and wind-

blown material hit the steam stations Imoecking out 275,000 kw,

Then enother 100,000 kw followed by 160,000 more, essescssesennse
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esesessessssssnsscssss The resources of the hydro plants were

put to maximmm use.” Plate 8l illustrates this drop in load and

also shows the rapidity with which this utility mobilized its forces,
with outside help, repaired lines and equipment, and restored normal
operation, Plate 82 shows the effect of the hurricanes on the communi-
ocations system of the New Englend Telephone and Telegraph Company and
indicates the outstanding work accomplished in restoring telephone
service, with the help of crews from other areas,

(3) Benefits from underground placement of utility

liness = The utilities and the communication companies have accome
plished some underground placement of llnes, principally in the
metropolitan areas, The business seoction of Providence, and several
small communitiés are sorved by underground lines. In Boston, the

Boston Edison Company in recent years has had a program for placing

"four miles of wire underground annually. The major benefit of under-

ground utilities, aside from aesthetic benefits, would include more
depend;ble service with fewer and shorter interrupbions than coocur
with above ground lines, However, when underground lines have been
inundated, there 18 a considerable delay in drying them out before
gservice can be restored,

() Cost of underyround placemente = A major deterrent

to wnderground placement of utility lines appears to be the instaliation

and maintenance costs not only to utility companies, but in
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many ceses to householders and business cﬁstomers. A gtudy made
recently in Conneoticut indicated that it might éost 25 times as
much for underground plecement of electrical distributiph lines

as for conventional above ground construction., Poles required far
street lighting purposes would add to this cost, Inasmuch as the
greatest damage to utility lines resulted from blowdown of trees,
service conditions could be improved by providing unimpeded
righta~of-way for these services. This might be publiecly unac-
ceptable as 1£ would entail the remo;al of ﬁany'fine trees. Adéi-
fional atudy of the matter 6f uﬁdefground plaoemen£ of utilities
is desirable. In this connection, the Massaohusetts Department

of Publié Utilities has ammounced that it is making a study of

the cost of placing power and telephone lines underground. The
1955 session of the Massachusetts Legislature will oonsider bills.

which would require utilities to place overhead lines underground.

(5) Conoclusion. - Underground placement of power
ahd telephone lines is feasiblé in populated areas as indicated
by existing installations. Ixtension of these lines might prevent
gome of the major servise interruptions wh'ch occur during storms
of great intensity. Other factors, Buph as protection of the
soastal thermal ganerating plants should be obnsidered. Consider-
able study is required to determine the economioc feasibility and
desirebility of underground lines. Suoh a study should be made

and the results publicized.
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158, Hurricane shelters. = It has been noted herein that

tidal flooding ocaused the greatest damage to life and property.

Wind alone, although destructive, did not generally endanger welle
constructed buildings., Consequently, the matter of providing shelter
for evaocusses from the threatened area is primarily important in the
coastal areas, Publioc shelters are not needed at inland points
except where interior river flood viotimg require assistance, During
Hurricane Carol, and preceding Hurricane kdna, hundreds of people
wefe evaouated from the ooastal areas of Conneotiout, Khode Islend
and Massachusetts and found shelter with friends, in hotels, or in
public buildings., Emergency relief agencies provided food and beds
for many people. Existing disaster and relief agencies were, in
most oases, able to provide for the needs of the hurricane victimsg.
Public buildings were generally adequate to give the short-term
quarters required.

199. Experience gained during Carol indicated that permanent
plenning was nseded to prevent confusion. People living in arees
sub jeot to tidal flooding should have advance knowledge of the loca=
tion of facilities available to them in perlods of danger. Beds,
bedding, food, non-electric coold iz facilities, sanitery provisions,
and mediocal attention should be readily available on short notice.
It is possible that in the future the coastal areas should be

evacuated promptly upon offieial warning of the approach of a storm.
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Some meens should be avaidable for the temporary shelter of an

‘increasing number of peoples No special structures are required.

Emergency shelters, such as_argioommon in the West Indies, are not
needed in New England, asupubliq_and:privateupefmanent type'strud-r
tures are generally.auﬂficiently strong to wiﬁhs$and the force of

the windsg,
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160. Proteotive measures for specific localitiess = Variouz

methods which might be employed for protection egainst tidal flood-
ing have been described in the preceding paragraphse The application
of some of these measures is disoussed in the following parsgraphe
for certein loocalities which received substential damege during
Hurricane Carole Meny other localliles alsc received damage and
nipght well warrent protection. Studies of these locelities as well
as_datailgd consideration of the areas included in the discussion
below might form the subject of 3peoia1.studies of greater scope

then the present report,

a6, Fairfield, Connecticut, area floodeds -~ The towm of

Fairfield {populetion 30,489 in 1950) is located on the north shore
of Long Island Sound, immsdistely west of ahd edjecent to the olty
of Bridgeport, Fairfield County, Connecticut, The area subjecf to
tidal flooding covers about 1-1/% square miles, extending laterally
sbout 2-1/2 milee from South Pine Creek Roed on the west to Ash
Creek, the Bridgeport-Fairfisld town liﬁe on the east, and extending.
inlend from the shore a maximum distaﬁoe of 143 miles and en average
distence of 046 mile, A barrier beach, 7 to 10 feet above mean high
tide, extends along the shore fror: the ﬁouth of Pine Creek to the
mouth of Ash Creek,  Over 250 swmwer and year-rcund homes bave been
constructed along Fairfieid Boach Road on top of this barrier beach,
Behind the bquh, oA land only slightly higher than spring tides, are

over 500 permenent homes, e velerenst housing development, an elemsntary
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school, wvalued at $750,000, the town sewsge treatment plant and the town
garege, The assensed valuation of homes in the flooded ares is reported
o be nesrlty $10,000,000. The extent of tidalzflooding is shown on
Plate 83, |

(1) Cause of floodinge ~ Tidal flooding has occurred

in two wayse AL the time of extrome high tides and a southeasterly
wind, the low lends behind Fairfisld Beach Road are imundated by
tide waters backing up Pine and Ash Creeks at either ende Such
flooding has ocourred three times in the past four years -~ on 25

November 1950, 7 November 1953, and 31 August 195l

(2) ' Extomt of demsjes = Hurricane Carol, §n 31 August

195, not only caused tidal flooding through Pine and Ash Creck but
in addition breached two places in the barrier beach and overtopped
the beach at the end of Beach Road, Tlooding the built-up area to &
maximum depth of fivé”feet; Heny of the sumer cottages and homes
along Fairfield Beach Road are pfotected by seewalls which averege
about six feet in height above mean high tides Acoording to resi-
denks of the area, the waves during Hurricane Carol splashed over
ﬁheée ﬁalls.in placeslbut no substantial d&mage resulted from this
cause, About 2,000 feet-éouthwest of the junction of Reed koad and
Fairfield‘Beach Road,.there are four cottages in front of which
there is no seawalls Waves scoured beneath these cotbages, washing
substantial amounts of sand onto Fairfield Beach Hoad but causing

only minor structural demage. Wave action also scoured a hole

under the Penfield Bathing Pavilion, d epositing & heavy layer of
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sand n&ar Penfield Roade At the end of Beach Road, the waves
overtopped the barrier beach, d epositing sand on Beach Roed to

beyond Feirfield Beach Roede

(3) Possible remedicl measurese = Protection to
the area from flooding through the Pine end Ash Croek ends can be
quite readily accomplished by means of low dikes nol exceeding 10
feel in height, extending from high ground al elther end and tying
into the berrier beach at suitable locationse. Pipes with tido.gates
viould be necessary to provide drainege from interior runoff and the
two crecks,

(L) There are three possible methods of preventing
demege from frontal tidel action: (aj constructicn of a concrete or
mﬁéonry seawall for the entire lengih of the barrior beach tying into
the two dikes previously described; (b) the artificial placement of
sdnd to increace the barrier 5oach to such height that it would not
be overtopped; and (c¢) the raising of Fairfield Beach Road to an
slevation above any anticipated tidal heights, extending it as neceg=
sarj to tie into the above~described dikes. The first method would
be extremely costly end might meet with considercble opposition by
owners of the summer cottages along Fairiield Beach Road since it
would interfere with their viow of snd access to the beaches The
socond method might well be ineffective due to subsequent erosion
of the beach and ultimate breasching under tidel sclion unless the

fill were henvily riprapped, a procedure which would destroy its
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.uae 85 & beachs Ralsing Falrfield Beach Roed would appear to be

8 reasonable solution to the prﬁblem‘ While this method would not
affbrd protection to the cottages albng the beach, it would provide
proteotion to the 'permaneht homes and publi‘c buildings in the low
area behind the barrier beache |

{5) Costs and benefits, = No estimete of the cost

for protsetion of the area has been mads, It is ostimated that
demages due to tidel flooding at %he time of Hurricene Carol eamounte
ed to §189,000. The tidal fiooding in November 1953 covered
approximately the seme arce as that of Hurricane Carol and dameges

were of comparsble megnitude,

be New london, Conneoticut, area floodad, = New London
is looated oﬁ the west bank of the Thames River; tidal estuary,
approximetely 25 miles above the polnt where the river flows info
Long Island Soundes The city had a population of 30,551 in 1850, and
is commercialized aleng the entire length of New London Harbor; which
extends three miles above the mﬁuth of fhe river. GSeversal militgry
instelletions and the Coast Guérd Lcademy are also located in the
arcne. The area flooded consisted of all the shorefront land and
property adjécent to the river within the limits of the township of

New Londone The extent of ticel flooding is shown on Plate 84,

(1) Cause of floodinge = Tidal flooding is caused

princlpally by a combinatlon of hurricene winds ocourring at the

seme time as the normel high tidee The mean renge of tide is 246
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feet, but dﬁring Hurricene Carol the tide renchod en elevation of
1045 feet above mean loﬁ'wdter. The dity of New London,'lying along
the west side of the open harbor, is particﬁlarly susceptible to
damapge from storm winds sapproaching from the south and southeast,
Shore‘protective works ere not extonsive, consisting principsally of
low walls and revetments to protect privatc property along the
southern besch and residential aren, and a few bulkheads and walls
in the upper cormercisl section of the harbor,

(2) Extent of damsgee = It is estimnled that the

domeges incurred by Hurricene Cerol, which o rrived at the time of
flood tide, were TO percent due to flooding, and 30 percent due to
wind., Damages incurred by Hurriecane Edna which passed more to the
eést of New'London and ocourred during ebb tide, but brought con=-
siderable precipitetion with it, were due 60 percent to rein and
L0 percent to winde

(3} There was no loss of life from either storm,
end althoﬁgh some injuries were susteinod, none were serious. One
thousand persons were evacuated during the first hurricone. 4s a
resﬁlt of earlier wurniﬁg sbout 1500 persons were evacuated befors
the arrivael of Hurricane Edna,

(L4) Along tho coast, south of the city, the ﬁajor
demege from Hurricene Carol was to besches and private propertye The
New London Lighthouse wes not affected although the tide rose as far

as its base, MNany sectims of Pequot Avenue, which closely follows
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the shoreline, as we}l as the docks and warehouses below Greens
Horbor, were uq@er watere - Numerous houges in this area received
some water damage, but the majority of thom were sufficiently well
construeted to sustain only sllight damepe, | | |

(5) The hesviest loss ooourred in the éentef.of the
city where about L50 automobiles, numerous stores, between 300 end
100 homes, soores of buildings, and the majority of the wharves and
warehouses were inundsteds A iong stretch of the Central Vermont
Railroad, and severel sections of the New York, New Heven and
Hartford Reilroad's shoreline track were under water during the hurricense,
At one point on the shpreline, 15 Coas£ Guard.Buoys wére on the
tracke The loss of boaits, both commerclel end private, was high,
end the dambge to wharves and docking facilities vory heavy. At
one dock alone tﬁe estimeted lose to boats and docks was nearly
470,000,

(6) The damage inourred in Hurricane Edna was con-
siderably less than in Ca¥ol principﬁlly because the center of the
storm passed some distence from the ciﬁy when the tide was neer its
ebbs In addition, the city was more adequately advised of the
epproach of the storm so tﬁa’c precau*bione.ry maéures wore taken
. to safeguard property, food-stuffs, ﬁnd morchandise, Considerable
damage was ceused, however, by heavy precipi’qation over & short
paried which far exceeded that during Hurricone Carole Approximetely

50 percent of the houses had water in ‘their cellars, Nearly cne-half
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of the total demege was from food spoilagé. Flooding of nuﬁﬂrous
streets resulted in many cases from overflowing storm sewersSe
Similer overflowing during Hurricane Garol resulted when the high
tide forced water to back up in the drains.

(7) The totel estimated demege caused by both
hurricanes et New London was 32,908,000, 70 percent of which
(52,066,000) was inflicted by Hurricane Carcl end 30 percent by
Bano. Tidel flooding elone caused demage estimated to total
%1,583,0009 These figures are exclusive of dewage to State facili=
ties, railroads, conmunicetions end powers Damage estimstes for
these itoms afforded no looality breakdovns

(8) Possible remedial messurese = New London officiels

end residents greatly desire protection from tidal floodinge The
community,'comprising an aree six miles long and cne mile wide, is
Yopographically restricted from further growthe As a ocenter for

a8 resort erea, with no large lndustries, it depends to & cphsiderable
extent on the tourist and vucatioﬁ-frade for its income. It is

felt that a frequent recurrence of t;dal flooding and demage will
discourege the tourist trade, thereby directly and indirectly
harming the small businesses. At the present time, it appears that

seawalls would be the only measures which would offer protection

against extreme tidese Seawalls-wpuld have to be built to such

height that in meny cases comstrustion costs might exceed'the
value of the protected property. A more axtensija,sfudy'of the.

area is necessary to determirie the éhonomio fensibility of &
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protective érograma The principal ceuse of floodihg from excossive
surfece run=of'f is the inadequacy of the olty storm sewer system,
vwhioch often overflows with rainfalls of only moderste intensitys
City officials are eware of the situation and are.working on plens
to redesign the systems

ce Newpori, Rhode Island, aree floodeds = The sity of

Newport, with e population of 37,564 in 1950, is situated at the
southern end of Aquldneck Islend, with the principal industrial

and commerciel activity being located on Newport Harbor, 245 miles
above the mouth of Narragensett Bay (East Passagejs The city is
thickly settled and contains meny commercial esteblishmentse &
-Haval Training Station; located north of the city, is one of maxy
militafy installations in this arcas The southern part of the

-~ island is the lecation of numerous spacious residences énd-summer
homes, Two public besches on the south shore, and one below

Easton Pond south of the road between Newport and Middletown, are .
extensively developed bathing arees. The area subjected to floodling
includes the beaches end shoreline around the "boot" of Aquidnedk
Isiand; the wharves, warehouses, end waterfront property in Newport
Harbor, snd militery reservations end installations a2t various
locations in this lower section of Narragansett Bay. The extent of

tidal flooding is shown on Plate 8G.

(1) Cause of floodinge = Tidal flooding'at Newport

ls caused by & combination of hurricane winds occurring at the

same time &s the normal high tide. The mean range of tide at

XXXI1-138



|
|
i
|
i
j

)

CALE IN MILES

/Poinl of
L Trees
L

. ' o 7 o ' LEGEND

@ Approrimole oreg flooded.

0 . . ' NOTES
L ’ - Tide height of 1.6 feet token by Cily Enginsers of
. b . ' Long Whorf inthe vicinily of the Thames Sires! orso.
0 - Topogrophy traced From Army Map Sarvics
L | - ; ) quad shaet “Newport !
’ ETavotions rafer to M.8.L.datum.

Franv Ly

SPECIAL SUBJECTS - REGIONAL

T R EXTENT OF TIDAL FLOODING
S : N . o _ NEWPORT AND MIDDLETOWN, R.1.
T 'T L A : S : S : (AUGUST 31, 1954)
‘4 GENERAL PLAN . NEW ENGLAND - NEW YORK INTER=- AGENCY COMMITTEE
TSR THOWILES . JANUYARYT 1955
e e e iy : SCALE AS SHOWN
. e —

ARMY NED BOSTON,JAN.I195S

stk
CH,



265

this locality is ebout 3e5 feets During Hurricsne Carol the tide
reached a peak elevation of about 12.5 feet above mean low watere
There are numerous shore protection works, consisting principally
of sea walls ard bulkheedse |

(2) Extent of damapgee = Tidal flooding was cxtensive,

‘éﬁd the losses axtremely heavy in Hurricene Carole In the vicinity

of long Wharf, the water rolled in as much &s 2,000 feet beyond the
face of the plers, flooding hundreds of houses and stores as well
as numerous‘warehouses and storage buildings, and ceausing over
$1,000,000 .in commerciel demsge in this small section elone.
Pleasure énd commercial boats were smeshed or carried up onto the
docks and, in some cases, driven into buildings,
An eétimated‘SOO automobiles were demaged or destroyed. Communlica=
tion, power, and transportation facilities wero serioualy disrupted,
with hundreds of telephones out of order, power lines down, and
severel sections of the New York, New Haven and Hartford Railroad
flooded outs o e
(3) 41l elong the shoreline below the city, water=
front homes and Beaches suffered severely., Cotiages and bathhouses
on Hazard and Balley Beaches were either completely destroyed or
driven hundreds of yards inlend to the northern shores of Lily Pond
end Almy Pond respectively. At Easton's Beach, everything was
carried awey except the main administration building and some

sections of the bathhouse. Huge chunks of c¢liff eand shore along
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the eastern side of Newport Neok were rippéd away . Tﬁree persons
lost their lives as they fled before the waves, .

- (4) Damage to shore proteotion structures, such as
sea walls, groins, and bulkheads, waa‘cqmparatively moderate s£nce
the majority of them were overtopped by the extreme high tidé, but
the destruction of the property these structures were intended to
protect wasg axtremsly'heamy,‘ The demage ‘caused by Hurricane Edns,
due principally to floodiné,from thg_heavy rainfall, was slight,

0f the totel estimated lojfea of $2,791,000 susteained at Newport

fron both hurricanes, aboyt 90 percent is attributeble to Carol,

The demage from tidal flooding is estimated to totel $2,489,000
exolusive of demage to state facilities,:military installations,
communications end powers Demage figures for these items afforded

no looality breakdown,

(6) Possible remedisl measureé. - The moat effective
method of protecting valuable shore:property such as that at
Newport from tidal flooding is by the construotion of sea wallse
Numerous objectiona, aesthetioc asg wéll a; economic, often exist
to struotures of this type., However, the value of the land
and residences may werrant the construction of short sections
of this type of protective works, In Newport Herbor, generally

s Harbor of Refuge from storms other then those approaching
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from the northwest, protection to boats would undoubtedly be exw=
pensive, Breskwators end jetties afford defense from normsl storms
and wave action, but when.overt;pped by hurricane tides their

ef fectlveness against wind and wave is nullifieds Some protection
to shore property and commerclel establishments in Newport Harbor
might be furnished by the consiruction of bulkheads and sea walls,
but a detailed survey of the erea would be required to d etormine
the extent and feasibllity of such a projecte

d, Bristol, Rheode Islend, erea floodede = The town of

Bristol, with & populetion of 12,320 in 1950, is loceted on Bristol
Harbor, along the eastern side of Narragansett Bay, four miles south
of Warren and sbout 16 miles southeest of Providence. The area
subject to tidal flooding consists of the land and property along
the shore of Bristol Harbor, which is two miles long, le3 miles wide
at its mouth und.o.b.mile wide at its northern end, The major floed
damage is sustained by docks, warehouses, & railroad yurd, several
industrial esimblishments, and o boatyard on the eanst side of the

herbor near the center of Bristol. The extent of tidal flooding is

. shown on Flate 86,

(1) Cause of floodinge = Severe tidal flooding is

.~ ecaused principally by a combination of hurricene winds

and the normal high tide, The mean range of tide
is about four feebs However, during Hurriocane farol, the tids

reached an elevation of 16 feet above meen low water, or about
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one-helf foot below the height of the Septémber_l938 hurricane, Shore
and harbor protection works are not extensive, consisting of low sea
walls and bulkheads., The town of Brigtol, lying along the east side
of the harbor, is susceptible to damege from storm winds aporoaching
from the south and southwest, Such were the conditions during Burri-
cane Carol,

(2) Extent of damagze, - More than 15 hcmes were des-

troyed or badly damaged by the wind and waves, as were many stores and
" a yacht yard, Public buildings, a st:te armory, and a fire station
wvere flooded, Private enterprises.and commercial establishments, such
as restenrants} garages, aubtomobile dealers, shell fish hoats and
sheds, were hard hit, Public and private piers and waterfront buildings
were battered by loocse buoys that were washed wp from the Coast Guard
Wharf where they were being reconditioned, A railroad yard, located
" 4in the northwest corner of the town, wns flooded and many rails were
damaged, Also suffering severe flood damage were a lumber yard, a
furniture storage building, and industrial equipment, Boat damage
was heavy on this side of the harbor and extremely severe at the
Bristol Boat Yard in the northwest cornér of the harbor, A low,
marsh ares north of the town at the upper end of the harbor near the
mouth of Silver Creck wae extensively flooded, and remained under
water for a considerable length of time due to clogged culverts and
poor drainage,

(3) Bristol's water supply, the source of which is the

Warren Reserveir in Warren, was shut off duo to salt water contamination and
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e broken main, Many sections of the tovm were polluted with oil
from ruptured petroleum aﬁorage tanks, Damage to sea walls and
roads was sporadic, some being completely destroyed, while others
were wnaffected,

(L) It is estimnted that the total amount of demage
sustained in the Town of Bristol was about $3,182,000, of which 96
percent wes attributeble to Hurricane Carols The damapge from tidal
flooding was an estimated 2,609,000 exclusive of damnge to State
facilities, rallrosds, communicetions end powere Demage figures
for these ltems afforded no local breakdown.

(5) Possible remedial measuress = Several proposals

to reduce future demeges from tidsl flooding are under considersa-
tion by the town officials and by the Harbor Improvement Committees
Conslderation is beinp given to the feasibility of constructing
breakwaters, raising several existing sea walls, and relocating the
state armory. Plens are being formulated for filling in the marsh-
land in the low Silver Cresk area, and enlarging the culverts and
other dreinage workse. A detailed survey would be required to de-
termine the extent and economic feasibility of protectivo measures,

cs Providence, Rhode Islend, area floodeds = The c¢ity of

Providence, with a populetion of 2!8,67L in 1950, is located in the

aren where the Woonasquatucket end Moshassuck Rivers Jjoin to form
the Providence River, at the head of Narragensett Bays. The area

subject to flooding includes the Providence waterfront aree and
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mach of the heavily concentrated business area in the center of the
city. In this area particularly, stores, banks, restaurants, agd
thousands of automobiles were inundated during Hurricane Carol, Plate
87 shows extent of tidal flooding,

(1) GCouse of flooding, ~ Tidal flooding at Providence

occurs when hurricane winds synchronize with nqrmal gravitationsal
high tide, The mean range of tlde is about four and one-half feet,
During Hurricane Carcl, the tide reached an elevaticn 13 feet above
mean high water, cor slightly less then a foot below that attalned
during the Sepltember 1938 hurricane, Winds of a sustained velocity
of 90 miles an hour were recorded with gusts exceeding 100 miles per
hour,

(2) Extent of damage, - The demsges caused by Hurricane

Carol at Providence were among the heaviest experienced in New England,
Commercial losses alone are estimated at almost $H0,000,000, Telephone
gervice was serlously disrupted and electric power in the city wes
almost completely shut off, causing large quemtities of food to spoil
Trom lack of refrigeration, With four to five feet of water in down-
town FProvidence, thousends of parked automobiles were submerged and
thousands of office workers were marconed in the upper floors of
buildings, Altbough many lives were lost in Rhode Island, most of

the fatalitles ocewrred along the coast and noné in this city,

Damages to industrial plants and equipment, estimated at over
$10,000,000 were algo exbtremely heavy, One rubver company suffered

a loss of $1,000,000, Several producing chemical plants lost mach

of their stockpiled materials from flooding, and manufacturers of
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Jewelry and machinery suffered severe corrosion damage to the;r ma-~
chines, eouipment snd finished products, The total estimate of
demage at Providence, from both hurricsnes, is $52,725,000, Of
this, almost $51,000,000 was attributable to tidal flooding which
occurred during Carol, These flgures are excluslve of damage to
State facilities, railroads, communications and power, Damage
estimated for these items afforded no locality breakdown.

(3) Posaible remediszl measures, - Several plans

have been proposed to ?revent or reduce damdges from tidal flooding
in Providence, The possibility of constructing & dem across the
Providence River 2t one of several possible sites hes been suggested,
There appear to be various possible dam sites, the most northerly
being upstream of Point Stree? Brildge, and the most southerly Lelng
at the lower end of Narragensett Bay, In general, the more northerly
sites,offér protection to léss extensive portions of the area, and
wonld require larger pumping sfations, but would conversely necessi-
tate lepser provisions for navigation, The more southerly sites

heve the advantages of protecting sucéesaively larger areas and
requiring less extensive provisions of pumping stations, but would
involve far more extensive provisions for navigation, Some pogsible
sltes and thelr broad fequirements are outlined below., Several varia-

tions of these plans of protection have been suggested and sheould bve

investigated,
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(a) The first site is just upstream of the"
Point Stroot Bridges An earth dem et this site wi.'th flood wallsk
extending to high ground on either side would provide protection
to downtovm Pfovidence. Since the storage area would be very
limited, this plan would require = large pumping station to remove
the run-off above the dem, and gates to permit discharge of normal
run~offs The eflect on navigation, however, would be negligible
since the piers and wharves above Pﬁiht Stroet Bridge are not used
sxtensivelys

(b) A second plen which has received
conslderation proposes a barrier aﬁ Tookwotten Street, approximate-
ly BOO feet below Point Street Bridge protecting the large thermel
electric plants as well as the centor qf the city. A dem at this
point would contain two taintor gates.to permit the ocutflow of the
normal run—off from the 75 squars miles of drainage area aﬁove tho
dqm. Pumps, installed at the dam, would be provided to remeve the
impounded water at #imes of extreme high tides.

(c) A third plan 1g for
a dam et Fields Point, 2.2 miles below the Point Stroet Bridgee. |
A dam at this location would protect all o. Providence, and about
50 percent of the East Providencé waterfronts Provisions for navi-
gation and for pumping out the upstream flood run~off would be requireds

(d) Another possible dem site is at Sabin Point,

about two miles below Fields Point, and just upstream of the mouth of
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the Pawtuxet River., 4 dam st this location would be longer, and

store more runoff than a dam at Fields Point, but it would protect

Providence, most of Tast Providence and most of the Fdgewood sectlon

¢

of Oranston. It would require provisions for navigation. It would
require the use of a smaller pumping station than would be required
at Fields Point,

{e) A dam across Narragansett Bay at Conimicut
Point would provide protection for Providence, East Providence,
Cranston, and parts of Barrington and Warwick, The Pawtuxet River
might be diverted scrogs & low neck of land into Apponaug Cove,
thereby eliminating the need for a pumping station, Frovisions
for navigation would be redquired,

(f) Another possible site is at Patience Island,
where a series of dams between Warwick Point and Popasguash Neck
in Bristol would further increase the »rotected area, Provislons
for navigation would be needed at this location, in both the East
and West passages of Narragzansett Bay.

(g) The most southerly dam which has been suggested
would close off the lower end of Warrepgensett Bay and protect
Newport and Quonset Point as well as the other communities in the
bay, However, the necessary length of the dems, and the extent
of pavigation facilities needed to handle large naval vessels
might well prohibit consideration of this site, Other factors
such ae pollution in the bay snd the effect of the structure on

fish life would require extensive investigation,
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(4) Costs and bencfits, ~-Any protective measure

for the ¥Warragsnsett Bay area in general and for the city of
Providence in particular wonld consider the reletive advantages

and disedventages of each of the propesals described above, and

in addition would consider other means for protection, In general,
the cost of the bay closures will be found to increase as the
protécted area Iincresases, Gonéequently, no particular proposal
appers to be more favorable than ancther at this time, Damages
from Hurricane Carol totalling almost $51,000,000 from tidal flood-
ing in Providence and extensive flood damage In the surrounding
communities indicate that protection is desirable, Extensive study
will be required to determine tke type, location, and amount of
protection werranted, This is a problem which will reguire the
cooperation of municipal, state, and Federal authorities as well

as thet of private citizens, It ig recognized that the development
of dam sites for protection of Providence, as described above,
'wculd hava effects on marine sport fisheries. Fishery intersts
~should be consulted during the planning phases for such construction,

f. Assconet, Massachusetts area flooded, ~ Assonet is a

municipality situated on the Assonet River immedistely upstream from

Assonet Bay, which empties into the Taunton River at Somerset,

Massachusetts. Immedlately downsiream from Assonet, the Boston~

Pall River expressway crosses the river on a causeway'and'
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three-gpan bridge, Plate &8 shows the extent of tidal flooding,

(1) Cause of flooding, - Tidal flooding occura at

the time of extreme high tides accompanyling a southeasterly wind
of hurricane intensity. Under these circumstances on the low-lying

community ias inundated,

(2) Extent of demages, - During Hurricane Carol,

the tide rose to a height of four feet in the post office and along
the main street of the village, inundating a considercble section
of Assonet and ceusing damages estimated at about $100,000,

(3) BRemedisl measures, - Local interests desire

the elimination of future tidal fleoding and suggest the construc-
tion of a tidal barrier at the bridge located downstream from the
town, This river crossing consists of a causeway with a threeg-
span bridge, the center span YU feet wide for the waterway nrea,
and two 50»foot end spans, The lowest elevation of the superstruce
ture is 30,7 feet, mean gea level, which is sufficiently high to
enable construction of e dam to protect against abnormal tides,
Sluice gates would be required in the dam to contrel the flow of
the Assonet River which at t:ds point has a druinage area of 23
square miles, The area of the reservolr behind suvch a dam would

be only 22 acres, lying between the propoged structure and an existe
ing dam at Assonet, Due to the negligible amount of storage, it

would be necessary to provide a pumping station of considersble

magnitude to prevent flood damage from interior runoff,
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(4) No detailed investigations have been instigated
to determine the probable cost of the dam and control works, How-
efer, preliminary study indicates that the:damages computed on an
annusl basis would be insufficient to warrant further investigation
of the suggested siructure,

g. Yew Bedford-Fairhaven Harbor, Massachusetts area

- flooded, ~ This harbor is a tidsl estuery on the western side of
Buzzard's Bay, It comprises an outer and inner harbor and the tidal
portion of the Acushnet River. The harbor separates the city of‘New
Bedford on the west from the town of Fa;rhaven on the east, The mean
range of tide is 3,7 feet and the spring range 4,6 feet, The shore-

" front property aslong ﬁhe entire harbor is subject to tidal flooding
with the heaviest dameges occurring to the highly industrialized sec-
tion of New Bedford, two miles in length and about one-quarter mile
in width extending northward of a point midway between the New Bedford-
Fairhaven Bridge and the Coggeshall Street Bridge, The extent of
tidal flooding is shown on Plate 89, -

(1) Cause of flooding, - Tidal flooding of the in-

dustrial area has been recorded since 1&15H, with flood heights

ranging from 5 to 11,6 feet above mean high water. The greatest
helights have cccurred when winds of hurricsne intensity have coincided
with a near full gravitational tide., Tidal flooding in 1938 and in
1954 inundated piers, wharves and warshouses, and damaged machinery

and industrial, commerclel, and private property, High winds

combined with flood tides to wreck ships and to damage bridges
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end bulldingss The highly industrizlized weterfront area along
the Acushnet River was extremely hard hit by Hurricane Carole This
seotion contains textile milli, clothing factories, metal working
establishments, rubber products plants, and chemical plentse

(2) The industrial losses, alone, from Hurricane
Carol are estimated at over §$13,000,000 with throe plants, two
textile mills and onme large factory for brass products, each
suffering damages in excess of 1,000,000 Direct losses to the
New Bedford fishing fleet amounted to about one-half a
million dellars, which does not includ: the consequent loss in
business, Commercial establishments, mostly located inland of
the industrial area, suffered demeges estimated to exceed $1,500,000,
Thetpreliminary asgessment of losses to private property showed
that about 500 homes were destroyed or demaged. The total damages
from ﬁoth Hurricanes Carol and ¥dna ere estimated at close to
$22,00Q,000, with 95 percent due to Hurriecane Carols The domage
from tidal flooding is estimated to total $16,5%7,000, exclusive
of demage to stete facilities, military installations, railroads,
communications and powore Damage figures for these items afforded
no local breakdowne

(3) Possible remedial mecasurose = Local lnterests,

particularly the industrial firms situated above the New Bedford-

Feirhaven Bridge, desire protection from tidal floodinge Following
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the hurricane of 1944, consideration was given to proposals to
construct breakwaters at the harbor mouth, primarily to protect
small boats or to erect a dike with flood gates across the southern
portion of the harbor to prevent the entrance of tidal flood waters,
A preliminary study indicated at that time that local protective
dikes and walls would provide protection to industrial property

but that the benefits from such works were not sufficiently wide-
spread to warrant construction, - A more recent proposal, made at

a meeting of New Bedford ¢ity end industrial officials following
Hurricane Carol and Edna, consldered construction of a causeway

at the Coggeshall Street Bridge, damaged during Hurricane Carol,

A weir, with crest at about high tide elevation, would be included
a8 an ihtegral part of the causewsy thus maintalning a permanent
fresh water pool behind the barricade, ~ The weir would be bridgzed
by the roadwsy, and pro?isions would be made to close this opéning
against hurricane flooding, This structure would preéevent upstream
navigation but no'gréatluse has been made of this streteh of the
ri#er for several years, Further studiss would be necessary to

to determine the advisability of providing a pumping station to
dischargé the internal flood runoff, caused by the intense rainfall
_ which so often accompanies a hurricane, and to ascertain the economic

Justification for the proposal,
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161, In eddition to the measures which might be employsd
to protect shore areas from serious tidal flooding, there is
an apperent need for additional protected harbors in New England-
New York waterse Such harbors would provide safe anchorage for
many more boats during the more freguent, severe storms of less
than hurricane strengﬁh; Adlthough these harbors could not'pro-
vide ocomplete protection against a hurricane, some partial benefit
should result eoven under thoze extreme conditions,

162, 1t is notable that the lergest damege to recroational
craft ocourred in the State of Rhode Islend which encompasses the
Narragoansett Bay areae This large body of water forms one of the
noteble areas in New England for recreational boatinge Desplte
the popularity of the bay, very little development of harbors
for refuge has been accomplished by the Federal or State Govern=-
mentse Federal navigation projects for the benefit of recreational
boating have been authorized for Bullocks Cove and Wickford Horber.
The latter project was completed in 1949, Further study of recrea-
tional boating in Narragansett Bay with a view to providing protected
shelter for this oclass of navigation is desirable and appears to be
adequetely warranted. _

162a. It has besn sugpested that the following locations
ropresent some of the sites whioch night be suitable for developing
harbors of refuge to protect against hurrioane damage in the coastal

waters of Massachusettss New Bedford, Quisset Harbor, Vineyard Haven,

XAKIT=153



North Bay et Osterville, Sagamors, Jones River at

Kingston, Boston Harbor, Mafblehead, and the Anﬁisquam Canale
Other 100&{:101]8,'“ which proteotibn might Be accomflished are
%o be found slong the coasts of the other New Bnglend States
and New York,. Smallhbo;a.’c harbors and har‘ﬁ'ors of refuge for

these coastal areas are discussed in the chapters on Special

Subjeots for Subregions "A", "B" and "EY,

XXXII«15%a



CONCLUSIONS

163+ Of the three hurricanss which entered the New Englande
Yew York Reglon in 1964, Hurricane Caerol was by far the most de-
atruotivo in the region and caused the largest number of fatalities,
Rhode Island and Massachusetts suffered by far the heaviest losses,
Carol was oomparable in intensity and destructiveness to the hure
ricane of September 1938, but, due to better preparednsss, the num-
ber of lives lost was small as comparad to over 500 lives lost in
1938,

164, The losses in the region from 1954 hurricanes, as given
herein, total $305,813,900 with 1naomplete_estimates for damages
in interior areas, About 75 percent of this figure is attributable
to Hurricane Carol, The major portion of the total of losses was
sustained in ocoastal areas of New England and lLong Island from the
oombinatioﬁ of wind, raln, and tidal flooding, Rhode Island end
Massachusetts, which have southern coasts susocoptible to tidal
flooding, suffered about T0 percent of the 1954 hurricane damage
rocorded for the regions Table 100 summarizes 19564 hurriqana
experience,

1656, Hurricane experience in the New England-New York Region
Ihas not been sufficient to suggest any probable frequency of ooocur=
rence, The record of hurricanes which have lnvolved the region

points to a seasonal concentration of ocourrence in the months of
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Burricane Carol
(myst Bi- 1§§¢)

Burricans 'Edna

TSeptember 11, 195h4)

Hurricans Hazel

{Gctober 15, 195l;)

Tabls 100 ~ Summary of 195l; hurricens experience,

Path apd ares sffected

" Center orossed sastern Long
"Islanxd, moved northward inte

Southern New England passing
Jjust west of Worcester, Mass.
end continued on through New
Hampshire., Area affected -
prineipally eastern L.I. and
Conn., R.I., eastern ¥ass. and
N.H. &and western Maine.

Conter crossed Martha's Vine-
yerd and Cape Cod, then
nertheesterly offshore pass-
ing close to Eastport, Maine.
Area affected - principally
Cape Cod and esstern Maine.

Center entered southwestern
part of region passing be-
tween Buffalo and Syracuse
and on over Leke Ontario.
Area affected - principslly
New York State, south of
Leke Omtaric.

y EstimsEes incomplete for damages in Interior aress.

_2/ Inseparable combinations of two or more types of damags.

New England-New York Region

Damage by State
Conneotiout - & 28,168,750
Rhode Isiand - 97,965,500
¥assachusetts - 92,992,900
Kew Hempshire - 4,128,750
¥aine - 5,675,000
New York - 6,312,500
Conneotiout - b, 766,000
Fhode Island = 5,672,100
Massachusetts - 10,887,100
New Hampshire - 1,363,250
Y¥aine - 8,756,000
New York - 1,296,000
Yew York - 5,704,200
Connecticut = 147,150
New England = 100,000
Combination
of storms
or states - 31,877,000

Total $305,818,900

195}y hurricane

damages type L/
Loss of 1life - between
77 and 82

Public property - $53,822,200

Shipping - 12,881,000
Dtilities 39,193,900
Transportation = 2,800,000
Commerecial - 55,167,500
Industrial - 38,074,500
Agricultural - 29,285,100
Foods & Drugs - 7,278,8C0
Fisheries - 3,786,900
Private property - 59,670,000
Other 2/ - 5,859,000

Total $305,816,900



Augugt, September and October, but does not sha& any recﬁrring pat-~
tern, It can be noted that hurricaﬁes have ccourred in successive
months and in successive years and that periods of_oonoehtration
have ooourred. However, these interesting parallels do not exhlbit
an over-all pattern of ocourrence. To evnluate.the chances of hur-
ricane ccourrenoes or prcobable frequency at & given site for the
New kngland-New York Kegion would require continuing research,
Until e deterﬁination of préﬁable hﬁrrioane frequenoy is made, a
meaningful estimate of average anﬁuél deamage at a particu;ab looca-
tion cannot be made,’ |

166, The grgatest damages'ffom purr;oanes in the whqle region
coour as a ;eéulﬁ;of the tidal flbbding ﬁhich accbhpaﬁiés hurricanes
in coastal ;reas. Protective nNOAsUres agﬁinst tidal flooding might
be justifiediin ooastal.areas with high property value, Other pre-‘
ventive,_protéctive and rehgbiiit#tion measures inolﬁde improved
hurribane'warnfng sysﬁén#faﬁd‘dissemination of'ﬁarniqgs‘to the pub-
lie, evacuationkand shéléér éians éoordinated by reééﬁnﬁible State
and local groups, ooordinated plané for the employment of auxiliary
communication and.pcwer fapilities; icning and building code revi-
aibns.and provisions for easiﬁg the financial burdens ooccasioned by
hurricane losses.

167. In general, the floods which often result from the heavy

rainfall asocompanying hurricanes would be protected ageinst to a

LE
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high degree by the flood control measures already authorized in

the major river basins in New England., ©On the other hand, there
are essentially few practiocal measures other than the stiffening

of building codes which can be employed to prevent widespread dem-

age from abnormally high winds,

PLAN
168. The following plan of measures %o cope with hurricanes
is suggested:

a, Wider and more expeditious distribution of hurricans
warnings smd adviseries,

be Research to determine the risk of extreme hurricane
wind or tidal effeots et definite looations, whether or not they
have in fact been subjeoted to the experience,

0. Information progrems to familiarize the public with
the nature of hurricanes, existing.warning services, and possible
protection measures,

d. Radar instellations for preclise tracking of hurricanes
on a radio frequency of ebout 2800 megaocycles with a peak power out~
put of about a million watts, in a system with units at Eastport,
Maine; Nantucket, Massachusetts; atlantic City, New Jersey; Hatteras,
North Carolina; Charleston, South Carolina; and laytona Beach and
Miami, PFloride.

e, Studies to determine the economic feasibility and de-

sirability of underground placement of power and telephone lines,.
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f. Studies to determine the desirability, and economic
and engineering feasibility of providing protection against tidal
flooding in areas which have experienced heavy losses.

gs Studies of individual areas subject to the devesta-
tion of tidal flooding to determine whet zoning messures might be

enacted,
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